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, oi3J;t//'*;t^iSJl^^as^v^^cil:^ig-g'L/j^^^J;p^c, - o-. - s-, - co-, 
-NR°-, - CH = CH-, - c = c-\ci:y)m^^tix\.^^^thx^. isxv^. 1 
m^^titt 2 msi±<DHm^iK f ^ it it c \ ic x <o mi^ ^ ti x ^ :l h ^ x ^ ^ . 1-2 
5 mco c m'f-^^-r ^mm^. ^^n^n^itit^^r *>5v>tt, p - (sp) 

xh v . 

[ 0 0 3 0 1 

p it. a -a- te /j: s T- fc t) , 

SpJi, l~20^@<^CJ!l^=-i^^-t-SP^-<-i^-S-Cfct). 
n . 0 * Tt: l± 1 -C- i9 , 

B»i, -0-, - S- , - NR°-, -0-C0-, -NR°-CO-, - O- COO- 

, -0CH2 - . - S- CO-. - s- coo-Sfcfi^ie-g-T-fet), 

P 1 it. ^e>fC;^yyi^ttT-fc5ri:;5S-x?#5, ^ M ^ ^tsi m ^£ m X ^ ^ . 
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i . k *5 J: 15 1 li , £ VMc a: u T . 0 S ^ H: i fe 9 . 

z^fcjzufz^H:^ ^^^^c?4 5^bT. -o-, - s- , -co-, - coo-, -oco 

- CO-NR°-. -NR°-CO-. - CH2CH2-, - CF2CF2-, - C 
Hz CF2 - . -OCH2 - . - CH2 0-, - SCH2 - . - CH2 - CF2 O 

- OCF2-. - CH=CH-, - CF = CF-, - CH=CF-, - (CHg) 4 

- CH = cH-coo-, -oco-cH = CH-, - c = c- *fcttmi^^-efct) 

. ^ b T 

X^. X^. X', X^, X^*3j;tJ?X«(^^i^/j;<t'blOl4, - B- Sp - (M^-Z 
M i- (PI) k- (z'-mM i-GT-fc(?. wn6<7)SW>/jJ<i:tlofC*5{t 

5 k , 1 X- h ^ it^mx' h ^ o 

[ 0 0 3 1 ] 

li/'i^Pilr'g-tf, I xm ^^n^^t-B-mx'h 
I T- ^ ^? 5 -g- «^ T- 5 o 

^G>^C^f*LV^«^±, X^=X«. x2=X^i3j;t/X^=X''T-fe5, ^ClT'^^ttS 

^ «^ 5 o 
[ 0 0 3 2 J 

$e>^c^Ef*Lv^©^i, x'~x^<Diosfc»i2ojiijh. #{^10*^^20*5, a) tc 

ixe>®Stt, H, mm \^ 7 -y m it X ^ . 1~1 2l®WCJ!l^^:Sr^-rST/V^yl^. T 
-Jr = , T /W 3 , T -Jr = ^ dr v- , T j}f ^ /V t b < fi T ;K 

[ 0 0 3 3 ] 



^ ^ tCSf * LV^CO{i. X 


^ ~X^ 01o*fc{i2oeA± 
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-oS:feji2o*5, - B- 
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i^ V . 2 - ( 1 , 3 - 
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? :^ , 2 - f 9 V , 
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u [2, 2, 2] 
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i^tKt2 — p'p [3, 2 


-b] 77:^, 2 - (1, 4- 
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->Ct:°U [4. 5] 


>') , 2-^7^w:^. 
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u -r 7 ^ U>) , 2-T 
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I I is X m m fz 1 4 m (D m L X- mm mm & tz 7 =. ^ ^fz\ioitohi.< 

it 1 X-h <0 . Siil--4m<DCm^^^i-^T/)^^/}^Xhi>- (COO) o - S 10 

^ I T-^^nsfk-a-'fefTfcSo 

1 0 0 3 6 1 

* S X ^ *3 J; X ;65 . H T' S . ^ I "C ^ ^ -5 -ffi ^ !^ fe -5 „ 
^e>{c$f*Lv^©tt. X^ ~X^ <D 2 m. #tcsxi *5J:0?x^ ^/cfiSX^ *>J;U«X^ 

* ;/t S X 3 *J J; TJ« X " , n df^ * . I I *3 T ^ S L 1 1@ L < 

[ 0 0 3 7 1 

$b^c^!f^b^^cD^i. x* ~x® cDi<@*SH-cfet), x* ~x^ <o i m*^ i^ o /u 

. ^;tiC. IfCjoV^T^^bfcl~4<@(DSLT-B^$ttTV>5:7,c=/i^*y5:fi, o 20 

aSOt>L<filT'fot), S;aSl~4l®»C®^^^^-r5T/^dr/UT'fe'5- (COO) „ - 
Sr-fc^^b-a-i^. #lcx' *5j;t/x^ (D-;^*fcfix2 *3j;UfX^ <D-^*fcttX^ ij; 
tJ^x" cD-;^ds. Hffc*?. •ft&:^;is, v-i^^o-^^v'/u, ^.cr^/w^^ji- (coo) „ - 

( 0 0 3 8 1 

$p>^'$f*Lv^w{i. x^. x^, x^. x''. x^ioxx/x^<D2mi'-. -mic 4 0 m 
I <b 1 3 1 
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1-1 



1-2 



1-3 



[ 0 0 3 9 ] 

X^ioiLFxMi. 5:^^^C^^S:bT. ^Nny:^, N02> CN, SCN. SFs. loS 

tzn 2 sx±<D c H 2 ^Tii . omxf y otitis m^t^s.r^ucmmt^'^v ^£\,^ ^ 0 - 

- S-. - co-. -NR°-, - CH=CH-. - C = C-tcJ;<9«^$i^T^^ 
5 VMi . v- D r ^ . 7 = = /v . /w S fc . US S . ^ I *j r 3£ ^ b 1 

hvKitmmm^mfOimhi.Ki'i^^m&^^x.^ fe5v>ttp - (sp) „ -r-fetj. 

I 0 0 4 0 1 

m ^ \s &.T ff) ^ m (o ^ 0 2 5 m^-(^<D c m^^tm-r ?>m^mmm^^tii'iimm 
[ 1 4 1 
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l-1a 



l-2a 



\'2b 



[ 0 0 4 1 ] 

*U<»il1®*y5:fi2f@*5> - B- (Sp) „ - (M^-zM j- (PI) t - (Z^ 

i^H:. ~X^ (D 2 m. ^[CSX^ i3j;UJX« ^^tfi^X^ teitFX^ - B- (S 

P) „ - (M^-ZM i - (PI) k - (Z^-mM ^-R^^^^ti^i^^ #1^20 
COS-B - (Sp) „ - (M^-ZM i - (PI) (Z^-mM :-R;5S|^-T- 

5 -fh -S^ ife f fe 5 o 

[ 0 0 4 2 1 

iSS T- # 5 „ 

[ 0 0 4 3 ] 

^yy:/ttSM' *3J;1/m2 Ji, ^f*L<fi, iti I 
-(A^-Z)„-a2- II 

^>^', 

A) $e>tc, loS^tt2o£A_h<DCHS*s. NtcJ;^)g^fe^;^^^:v^5^t^s-CtS, 1 
, 4 - 7 31 ^ U , 

B) $e>{c, lo*:fe^4 2o«pg^b-Cv^/j:v^CH2S^s.O*iJ;Ut/S^^:^4S^cJ;^3B 

C) 1, 3-e^^=ary7i^-4, S-^^-T/V-. 1, 4-v'^P^^-fc=l^>, if^Vi^> 
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-1, 1, 4 - \^-> ^ u - (2, 2, 2) •)- Z7 ^ U > - 2 , 

e-vJ-T/V-. 7';(/t:KI3-:^7^^>'-2, 6 - 'J ^ j> ^ l, 2, 3, 4 - h 9 \^ h'u 

-e <9 . 

[ 0 0 4 4 ] 

Lfi.^>ny^, CN. SCN. NO^. SFg^^fi. l~4{@©Cil^=-:^^-t-5T/W 
. T 7V =1 ^ . T /i^ /V tK = t L < T 3 dr v- 4? ^ S T t) , Z. ^ X' 

[ 0 0 4 5 ] 

[ 0 0 4 6 ] 

T^^5::^:'^>-e#51, 4-7:ii=^>'T'fef). Cycfi, 1, 4-v':?n-«.:^v'U-V-C 

[ 1 5 ] 



-Phe- 


11-1 


-Cyc- 


11-2 


-Phe-Z-Phe- 


11-3 


-Phe-Z-Cyc- 


11-4 


-Cyc-Z-Cyc- 


11-5 


-Phe-Z-Phe-Z-Phe- 


11-6 


-Phe-Z-Phe-Z-Cyc- 


11-7 


-Phe-Z-Cyc-Z-Phe- 


11-8 


-Cyc-Z-Phe-Z-Cyc- 


11-9 


-Phe-Z-Cyc-Z-Cyc- 


11-10 


-CyoZ-Cyc-Z-Cyo 


11-11 



[ 0 0 4 7 ] 

#^c^f^Lv^(D^i.^^M^II-l, 11-2. 11-3, 11-4. 11-5. 11- 

TioiO'II-lOT-feSo 

$f*U<fi. - COO-, - OCO-. - CH2 CHa-Sfcfi^ig-g'T-feSo 
I 0 0 4 8 1 




[ 0 0 4 9 ] 
I 1 7 1 
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1 0 0 5 0 ] 
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1 0 0 5 1 ] 

I 1 8 1 



1 9 ] 

L L 



L 1 



-<o5 



[ 2 0 ] 



#lcifSUV>(^«:.^M^IId. Ilg. Ilh. II i. IIk*Sit/IIo !|#tc 
t^S^IId*5j;t/IIkT-fc5o 

[ 0 0 5 2 1 
L fl . $f S L < fi . 

I 2 11 

F. CI. CN. NO2. CH3. C2H5, OCH3, OC2H5. COCH3. 
COC2H5, COOCH3. COOC2H5, CF3. OCF3, OCHF2 OC2F5, 
^iz F. CI. CN, CH3, C2H5, OCH3. COCH3. CF3 ^fzlt OCF3 , 
g=t»*L<fi F, CI. CH3. OCH3 or OCF3. 

^J:&P I fi. M^tfjohn C. Coyle, ^ ^ Wi it ^ A m i ( " Introduction to Organo Ph 
otochemistry" ) , 1986. John Wliey ans Sons, Chichester. UK^ \Z. M ^ ^ tl X ^ X 
0 iC^ ^<onif3<Ditifyicmm^K^btlX\,^^^^X<D&Xh^ ^ tt^X^ ^ 
[ 0 0 5 3 1 

-C^-D'=d2-c2- III 
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xm ^n^o 

[ 0 0 5 4 1 

^ ;6S N * ^ i- -g- «^ T- fe 5 o 10 

[ 0 0 5 5 ] 
#tc#f*b<tt, Pitt, &^T<D^ 

[it 2 2] 




20 



30 
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[ 0 0 5 6 ] 

^ICifSbV^OJi, i/>;^.e<i:tlo, $f*b<filo*fc»i2o©S-B - (Sp) „- 
(M^-ZM i- (PI) k- (Z^-mM I - R ^ ^ ^ . r^T-. B*S. - OCO 

o-c^oife-B - (Sp) „- (m'-zM i - (PI) k-*^. ^ Ammm^m^ 

-rs. ^i-Cg^ixS'fb-g'J^T-feSo 

[ 0 0 5 7 ] 

$t{c$f*H/^o<i, p s:i I I x-m^i^. c ^ ioXxf/^fzi-tc^ S:i i-e lo 

-C fe 5 , * M /j: 5 r t ds -C t 5 o 

[ 0 0 5 8 ] 
!|^ » 4 L (Z) , W T <0.t£ JS ^ 

[ <b 2 3 ] 



la 



20 



[ 0 0 5 9 ] 
[ 2 4 1 
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[ 0 0 6 1 1 
I 2 6 1 
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D— B' \ — / 




[ 0 0 6 2 ] 
[ 2 7 ] 



fi . ^ I I © A ' 
[ 2 8 1 



« . ^ I I I >f CO c ' 
[ 'fb 2 9 ] 



<DM^(D 1 o W 



lo 



X^. X''. X^. Z, d'. D^. p. r*3i0^stt, mUc^bfcSc^fewioSr^b, 
R', R^, R^. R''. R^*3iTJfRMi, EV^tcaScbT, HiIlC^LfcROlc^fe®: 
I 0 0 6 3 1 
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jfcv^J;5{^v -0-. - S- , - CO-. -NR° - . - CH = CH-, - c = c-lcj; 

<fc'9S^^?*tT^^5ri:'bT'#5. 1-2 5fliOCil^=-^^>^i-5ll:^4^*yc:fi5>^4^T/W 
=^ /I- 9 . 5 v^ , a T =^ . :7 i ^ /V , >' * fc . Hi ic {c , S: I *3 
V^T^SlLyS:lo1>L<fi2oeA_hOSRfcb<H:LT'gm$ix-CV>5. 2 5{@4-C'«Z)C 

- ( S p ) „ - -C fc 0 . 

a , 0 . 1 . 2 * fc 3 T* <9 , 
b f4 . 0 . 1 * Ji 2 -C fo S . 

[ 0 0 6 4 1 

#(^i^*uv^<D{4, tJfeM^i a~i n X' m ^ *i ^ m V . r:i-c, 

T V^ 5 ' i t. T- # 5) ~> XI /Uir.tc\±-y ^ =^/PX'$y <0 , 

-Z«. - COO-. - OCO-, - CH2 C H 2 - *^cfi^^-^-C-fct), 
-C' *5j;U5C^ MlcS^U/c:l~4{@, $f*b<filia*fcli2l®(^SLT-a^$ 

-D**Jj:UfD^tt, CHtffet). 

-BMi. COO-e*>?3. B^fi. OCOffct). 
[ 0 0 6 5 1 

- R ^ is XXJPR ^ ti. F, CI. CN. l~10l@<Z)CJl^^=Sr*-r5T/V=¥/V'tb<ttT 
/l^3dr'>^7tttP - (Sp) „ - -Cfct). 

-R^ioit/R^ro — :*r*yS:liP5:^H:. p - (Sp) „-=^^b. 

-R^*5j;UfR''«. mi-:^bytL(^;tft^^>^-t-?>/5-> */c»iP - (Sp) 

»*u<»i. F. CI. CN. ^■ftm--3m<Dcm'f-^m-r^. mwnc-^ ^ymit^ttx 

S T # -'I't L < H T =» # -C fe ?) . 
-p. riSiUtsH:. m ^ L. X . 0. l*;fctt2-C-fe?). 

-R^ *3j;tJ!R^ fi. l~4l@<DCJS^S:*-r5T/V=^/V't>L<ttTyW3=^r->-efeS*». 
*fcfiP - (Sp) „ - Sr^L. i?SL<li. ^^/W. 3i^/w*:/h}i7'ofc'/v^fe!9. 
[ 0 0 6 6 1 

-X^ tt. 1-1 2<@®CJ!l^^=S:^-t-5ii[^4^. 5>«:|^t>L.<W:«^T/w#/wtb<H:T 
yun^v-, SiicfC. Mt-^^^Ui/tlia. 2l@t,U<f*3l®<OSLT-«ife$tt-CV^ 

^ -7 zr:. =^ /U X <0 . 

- a . 0 * fi 1 T- •? . 

- b . 1 5 o 
I 0 0 6 7 1 

[ 3 0 1 
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[ 0 0 7 2 ] 

^ I *3 tt "5 R « , T ^ * fc 7 /fe S T- fe 5 r i: ;S5 -C ^ 5 o ^ 7 /jJ S T* fo S ^ 
-^titt, ^ixti. *f*b<tt. ^IV: 

-Z-Q^-CH-Q^ 



Z^tt, -0-. - S- . - co-. - COO-. -OCO-, - ocoo-*yttt^ig 

#5. l~10<@WCll^^^=g-i-Sr/Wdp/W4y5:{iT/W3drv'S-Cfet). lo*^ 
«:2o^_h(DpML.-Cv^/^v>CH2 =S-><rOT»-g■^ci3^^T, 2v>(caSz:b-C, - C = 

-0-, - S- , - NR° - , - co-. - COO-. - OCO-. -OCO-O 

-V - s- co-*fc(i-co-s-}cj;i9, m m 1^ ^ t> IS. mm ^ "B- V ^£ X 0 \^ w. 

li, ^Npy^^^ v-T/S^fcti. tliM;^^. l~4l@(OCj[^^^i^^-r5T/v-^ 

t) b < T /v- 3 t^' S -C fo 5 . 

I 0 0 7 3 1 

^ I V ^ (D Q ' f)t^ T ;v ^ u > :i- ^ ^ ^ m ^ \^ \^ . om^it. iif*L<H:. ^ y fV 

?^<e C Jl^ Pl^ b T V> 5 „ 

^fSLV^^V/W/.eSli. 2-T/U=¥/W. 2 — T fV =t ^ 2 - :^ )VT fV ^ >V ^ 2 - ;^ ^ 
/WT/W=i^->. 2-7/l':?f-nT>'l^^/U. 2 - "7 /V :t u T =i ^ ^ 2 — ( 2 - =f- i^) - 
T JU ^ /U , 2 - (2-0^?-:/) -T/l'^^i^. 1, 1, l-hy7/W:^D-2-T>'l'^/V 
fcJ:tJ^l, 1, l-hy7/v^n-2-T/W3^->'-efe5o 
[ 0 0 7 4 1 

4# t- if * b V> 7 /W/^ S . -e^J^fi. 2-^^Jl^ ( = 1 - ;^ ^/UT" n If /V) . 2-pJ^/l' 
r/^/W. 2-;i*^/W-<>'^/V'. 3-;^^/W^>^/W. 2-a:^/W^:^-v'>'V. 2-7'aeyl/' 

iitlc2-p<^/w^^/w. 2-p«f^/w:/f:arv'. 2-p<^/w-<:^h:^v'. 3 - ?i 
=f' /U^> h ^ , 2-31^/u^drydfv^, l-7<^/l^^dfydr->. 2-;:^-^'^/U;*-^v'. 
2-:i'^'f--3-?i^/\^:/'^/U^ 3-:^^-^-A-:^^;V^l^^jV, A - :^ ^ )V ^ )V 
. 2-^=^-->'yV'. 2 — Hr "f- tV ^ 2 — / =^ fV ^ 2 - f ^ 2 — KxV/^. 6-^h=3r> 

;V :t ^ :fJ /V :^ =^ fV , 2 - :^ ^ fV -f ^ ^) ^ ^y ^ S-^^yV-'^Wn-f/W^^dfv'. 

^/W^dr-t^y^yP:^drv'^ 2-^cin>^ufc°:*-=i/U;^-dev', 2-:J'dd-3-;<^/V'7''^ 
^) fV:^ ^ -y ^ 2-i?-op-4-7«^/U/'<^!;/V;*-^>'. 2-^DU-3-;<^/V.'^uy/W 

2-;^'?^/l'-3-:*-^-9-^>'^/P. 2-><^yU-3-::i-=^f1^-^=afv'/W. 
^'>7'nf/W-2-;^-dpi/. l-rchdri/^Pt'/U-2-;*-drv^. \ --fviif>.^'y^u\f 
/V - 1 - Hr^ -y ^ l-'7^b=3r~>7°nf/U-2-:^=3r'>. 2-:7/^:^a:3^^'^^^:^-^v', 2 

- -7 n ^ ^ ^y ^ 1, 1, l-hi;7/U;*-a-2-;t-i^^/l-:^^rv'. 1, 1, 1 
-hy7yU:*-o-2-:^i5'^/u. 2-7yV;^-n^^/^;^^'^/U:*-df-^-t?fc5„ ^HfeT^f* 
\^\^<n>\±^ m7L\t. 2 >v ^ 2 - :i- ^ ^ ;v ^ 2-:t^=f-/V:t^'y^ 1, 1, 1 - V 
V 7 :i- n - 2 - /i- . 1, 1, l-bV7/U:to-2-:ti^^/i^iaXXJPl, 1, 1 

- h y 7>'W:t-n - 2-:*-^^yW:;^-=^i^-efc5o 
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[ 0 0 7 5 1 

^ hic^ T ^ ^7 f£ ^ m R ^ ^ ts . ^ I x-m^n^^t^mit. -e^j x « . ^^m^t\cM-r 

[ 0 0 7 6 ] 

5*=IS?g(Oft&co^SUv^^«Ui, Risp - (Sp) „-Sr^i-. ^Cl-e^StbS^k-g-^felcil 
i- 5 o 

^ I tc ioMt 5 R ° . *f * L < I* , H * {i C H 3 . # IC H T- fe S o 
[ 0 0 7 7 ] 

S-a-^tg/^SPfi, $f*L<«. CH2 = CW' - COO-, 
[ 3 2 1 



W^HC CH ~ (CH2VO- 



CHz = CW^ -0-. CH3 -CH = CH-0-, HO-CW^W^ HS-CW^ 
HW^ HO-CW^W^ -NH-. CHg = CW^ - CO-NH-. CH 

2=CH- (COO) k 1 - Phe - (O) k2-> Phe-CH = CH-. HOOC- 
, OCN-JSjztJ^Ww^W^ Si-A-e>S*^$tl-C*3f3. H. CI, CN. 7 

^ *Jit;5W^ H:, Sv^fcaStUT, H*yi:^*l~51®(Z)CJ!l^^^Sr^-r■5T/^^/^. i|#{cp« 
, ^ ^ * n - :/ D fc" 7W T- . W , w ^ is J; tj? w ^ , S v ?fi L T . C 
1 , l~5l@<DCJ®^^^-t-5^=¥-9-T>'i'^yu*/cli^^-t>-*/i-*t'=:/VTyu^/u-r-fe»5. 
Phe«, 1, 4-7^=uv-C$>'?. ki*iJ;T^k2«.5VMc3fiS£L-C0*:tfilT- 

*> 5 o 

[ 0 0 7 8 ] 

PJ4. #tC*f*b<{i. T^yu-h. 7<^i^yv-h, \£ , t' = /W:*-dr'>, a^Jjf^E^ 

* fc ^ ^ ^ S -C- fo 5 o 
I 0 0 7 9 1 

^ I {c:*3tt^;^-< — i?- — Ss p i LT. ^ll#l-r(7)B6<JOfc^6^c:^e)i^■cv^5i--<T© 
SSr,fflv^Sr<^;45-e#5„ Spl*.$f*U<{*. l~2 0i@(OC/S^, i|#{Cl~12l@ 
<DC®d^Sr^-r?.ii:^t«i*fc{i^tJ4>tT/u=3fU>S-C-fe'9, rr-C*. $blC, loSfctt 
2o4JA±(^pg^UTl^J^jJV^CH2Stt. -0-> - S- , - NR°-, - CO-. -O- 
CO-. - S- CO-. - 0- C00-, - CO-S-. - C0-0-, - CH (^^^^ 
V) - CH (CN) - CH (OH) - (CF2) - {CD2) x-^ 

-CH=CH-, - CF = CF-, - CH = CF-*/cfl-C = C-^CJ;•3g^^$tuTV^ 
^ Z. h X ^ . xJ4. l~12coS^T-fo'9. ::.r-C-. l{@*/ttt2<@^JtJh<^Hm^=^M:. 
^^py:^. CNSfcfiOHSci «?Sife$tb-Cv^5ri;a5T'#5o 
[ 0 0 8 0 ] 

ft^fi<J?fc>^-< — 0ijx.fi. - (CHz) y - » - (CH2 CH2 O) ^ - CH2 

CH2 - > - CH2 CH2 - S- CH2 CH2 - *fc{±-CH2 CH2 - NH-CH2 C 
H2--r'fo'9, ytt, 2~12<Dli!@c-C*fef3. pH:. l~30SE|gt-efeSo 
[ 0 0 8 1 ] 

$?*Uv^^-< — 1^ — Stt, 0i|x.«, ccf^i^^-, T'oi^i^^'. -<^'^V':/. 
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[ 0 0 8 2 ] 

[ 0 0 8 3 ] 

lit 3 3 ] 

-Q^-CH-Q^ 10 



i^mi^ititmf^^x»>z . 

XM ^ n ^ ^ 9 /\^f£mx^ ^ . {p-fj:< t h l o<d :^^ — -^ — m S p Sr-g-tPo 

[ 0 0 8 4 ] 20 
[ 0 0 8 5 ] 

© ^ 7 ^V/.C'fk-g'!^ . iJCSft tf^Jpe^/^ ■Til ;t Houben-ffeyl, Methode 

n der Organischen Chemie [ ^ ^ -fh ^ © ;^ j£ ] , Georg-Thi eme-Verlag, Stuttgart) |5 

ttgf!t:^P>HTV^5*s. rr-e^i^&■<;'j;v^lE^fe^Sr. r::T'fflVN5^i;SST-#5o ^fcfSB^o 
'fk-g-^=^B^m-t-2.:fefc(^?$t.'ic5:^&^. M h U m T ?> ^ t x ^ ^ , so 

[ 0 0 8 6 ] 

:^^m<Dit^m^ . siT (D ^ jt ^ — \c X 'o . *^f*r^xtp«i'u-c. usi-r 

5 ;i i: ;is -C' # S o 

^ — A 1 
[ 3 4 ] 
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a) (DHQ) 2 - PHAL. N-y^/P^/PjjNyvN-^^v^K. t-r^^'y — /P. 
:^^^J>^mio^)'^A (VI) -TK^oi^. m.m ; h) DCC. 4 - (i^^^/WT?/) - 
]} i^l^ . DCM. c) DCC. 4 - (i^^^/I^T^y) -fc-yi^^'. DCM. ^ 

; d) i3])t>J^t-^V^-^\f. THF. - 5t:o 

[ 0 0 8 7 ] 
7.^ — 2 

[ 3 5 1 
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a) DCC. 4 - (v^^^/VT^y) - }^ V 'Z^ > . DCM. ^®;b) DCC. 4 - ( 

p<^/l-T5y) - fyv?^', DCM. m.m : c) NEtg, ss-Co 
[ 0 0 8 8 ] 
^ — A 3 



[ <b 3 6 1 
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10 



20 



[ 0 0 8 9 ] 

M^li^/v^7'uyi!';^fcU< YtT ^ T >( ^ ^ h V y \f u if ^ ^ -f- :S) 

^ ^ f£ m m ^ ^ -t ^ m ^ m . m x. it Bt^m \t =1 u :^'r v -yiry'^^z^u^ so 

[ 0 0 9 0 ] 

^^mcoi^-^s^ . is-a-i^fcit/xKy-r — tt, wo 92/19695, wo 93/23496. us 5,453 

, 863* fz. liUS 5, 493, 4301:^ IE « $^^T^^5J;5(-x =^i^:^=r]}y^7''i:^-:fu^^ mK.Yt 
mm^^i\l'ii fzit^ ]) ^ => I- ^ V y m^y" ^ ^ ^ I- (SSCT, PSCT 

) > , -BfiJ ^ wo 98/57223 {C|e^ $ttTV> 5,-7 71^^ K^-T V^K^X^-^^y^^-T^fcJi 

«aj X. ttUS 5, 668, 614tC|2« ^ttTV^^.^^,^ y y ^'T^-f ^T'l^-fOJ: 9 i^C^IEfy 

[ 0 0 9 1 ] 40 
[ 0 0 9 2 ] 

[ 0 0 9 3 ] 
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Wits xxj^m^^^^^i^icmmf£Bm^^^'r\c. m^^^ ^ v k h'-^o h t lx 
wsfFm.m^m i: . iA:k-r ^ ^ t t^x- ^ ^ ^ ^ ti h (o ^ ^7 ^i- fj: ^t-^ m \t . ^ti^t^ 

v^ f ^ ffi ( ap *, i« v^ *a c ) ^ # S ^ t *s T # 5 T' fe 5 o =Se O T . b « b ^ ^ {b 

^[Hi3ffi-r5^i6ic*D;tibtt-5. m2(Dh' — y<i^h(Dm.m=k. mm-r ^ ^ t i>>x ^ ?> o 

[ 0 0 9 4 ] 

^ t K X '0 mi^-r ^ t i>> X ^ ^ . *fc(*. ^'SScDfj-frA/^abtu^^^-rsisfB^s-a-i^ 

[ 0 0 9 5 1 
[ 0 0 9 6 1 

( 0 0 9 7 1 

*liW<o?fi?^ii-^(^li, $f*b<tt, 0. i~3om»%.i|#(ci~2 5m»%*3J;u<:^ 
i6T!|t(c$f* b< fi2~l 5 m&%<D^ I -e^^^^5#v/^^^J:'^b•g'#I^gr•g•tPo 

[ 0 0 9 8 1 

:*:lSMcD^^^*b^^fli«^ciov^T. ?fi?sjs-e-<K)fi. 2~2 5a. m-^\^<i^3^i5m<D{t 

^ !^ i)^ ib fj: *) . :i (D{i^f£ < t h imn. ^lxm^ix^^9/i^fj:i\^'^mxh^o •ft&ro^t:-^ 

<^ii. ^*b<f*. ^^^^'S'i^*fc(*;^^^hy-?/^ (neBatogenic)i^K , ■g^ij ^ T 7 30 

Sl/hfi^-E^S^v'i^ D^dS^-^yP, X2 ^ :ir -if- ;U 7^ ly ^ (O -7 :x. /> ^ n ^ 0---df 

/l^ jL 7^ , ^ n =SE^ ^ ,S. # ^ <D 37 31 = /W * fl i/- ^' u ^ ^ ;^ -7^ , 

^ ^ y =. ^ jU , 7air^yl^v'i5'a^dr-!^V, v'i^n^driXy'Ut':73;:=^/U^ :73i 

=■ /V- ^ n ^ ^ 13 ^ > , ^7 u ^ ^ ^7 u ^ ^ >■ ^ \y n ^ ^ 

X2 ^ ^ ± ^ -l/^u^^i/'/Vi/'^u^^iy^/Vi/'i^U'r^^-^l^^ 1, 4 — tr^'>^'ci-^^r 
4, 4' — f;:^ — ->^t3^^v'>'Utf73i = /V, 73i = /P*;tJiv'^'n-^dr 
/Vf y 5 V? >- , 7 31 * M: v' o =?r v- t:° y :^ . 7 oi = * :7 n dp 40 

t° y V? >- , 7 =^ * (i v' D dr V- /V- V? dr 1^ , 7 m — * fc « v' n d^ 

3-v?^r>. 1, 2 - y :^ =^ ;V ~ a:. ^ , 1, 2->^>'^'P-^driy/Uai^>' 

v'^Jrav-^dr-^/l') ai^cv, l-v':^a-^dfv'/W-2-lf7Di=i/W-3i^'>', l-7cii;=:/V 
[ 0 0 9 9 1 
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[0100] 

R' - L ' - G ' - E- R" 

. m-x h ^ A-t. tz\i^y£ ^ ^ t ti^ X- ^ ^ L ' io xxf E ^^(d:^-^{c:*jv>-c. e 

VMdl^SlbT. - Phe-, - Cyc-. - Phe-Phe-, - Phe-Cyc-, - 
Cyc-Cyc-. - Pyr-, - Dio-. - B- Phe-*3j;U?-B-Cyc-StgTJ^ 

K ^ ti h <D X <o ^ ^ ^ n ^ m t> h <D 2 m (D mx h . ^ ^x. Phefi. ^sgi* 

tcn7 -y 1 , 4-Z7:xL=^Ul^Xh'0. Cycfi. h y > :^ - 1 , A - if 

^^ tz. \t. 1 , 4-->^o--dr-fe=.U>-Cfo!9. Pyr«. t°!;5v'i^-2, 5 - ^ ;V 

* t° y - 2 , 5 - -r /V -C fc «3 , D i o fi . 1 , 3 - dr -9- - 2 , 5 - 10 

-2, S-v'-l'/V'. lfyv?>'-2, S-i^-f/WSfcfil, 3-v^;*-dri^>-2, 5-i?-r 

/I- r- S . 

I 0 1 0 1 1 

^n-btO^b-a-ifeiCiott'SG' fi. JJiTcD2«WS-CH = CH-. - N (O) - C 

H = CY-. - CH = N (O) - C = C- . - CH2-CH2-. - C0-0-. - 

CH2 - 0- , - CO-S-. - CH2 - S- , - CH = N- . - COO-Phe-CO 

20 

[0102] 

R' iSit/fR" Ji, ^'^r»«-a•^-*3V^-C. EV^C^fiaiLT. l~18<a. *f*b<li3~ 

1 2^®Cl®^=^;Sr^-t*STyU#/W, T/W<Jr = /W, T/w = T /v Jjr ~ :ir ^ . T )V ij 
/ >r /W =^ v- , T /l^ =" =Jf v- Jj? — /W t b < T 3 dp ;i?7 /V 2}? = ;^ ^ 9 ^ 5 
V^li*fc. R' *5j;t/R" <7)-:^fi. F. CF3. OCF3. Cl. NCS*;tfiCNr* 

10 10 3 1 

, ;t>-^7^'f5'^IS^'=fC0CJi[^<Z)-g'ti-{4, — «5:Wt-2~9. 0*b<tt2~7-C-feSo 30 
[0104] 

-Ctt. ^ e> tt-r 5 *yj:fi, UtSfc (^SJ^ M X. Houben-Wey 1. Met 

hoden der Organischen Chemie [ ^ ^ -ft; ^ <0 Jfe ] ^ Georg-Thieme-Verlag, Stuttgart) 

, r ^ TMixE'</jj r T-ffl 5 r i :es T- # s „ 

(01051 

:^tt7Ky^-7^-/wA. KJ-^<c^B4^Ba[^i]=&5fi•-^-se>-a:^:|^^cia^i^^:^5l:«•^^«lit^S: 40 

^i". BP*>. bit/,y#;ei5. M;t«iafp]U;/t=iW'^7'y-yi5'7-f/i-A05ffitciiii: 

[01061 

S:^14:iKy-!' — y/v*3j;tFrix=Sr-g-tf7''r;^:^^-rJiv •e«J;t«. de 195 04 2 24*5 J: i/gb 

2 279 659^13 M ^ $ n -C S e 

62r6]bfc='^^-7^y-;/^jKy-v-7^-/i^A^. ■e^j;tfi. "^wiiii . ^-7 ^ ^ 

S „ 

[01071 

J£ =" y y S *R > ^^J X. « . EP 0 606 940. WO 97/35219* 1^ li EP 0 50 
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982 605't' IJI IE* ^? T V-' 5 o "fe 7 ^ — tt . m t£ . EP 0 720 041*yhliEP 0 685 74 

9*3j:t/R. Maurer et al. . SID 1990 Digest, 1 10-1 13 't' tC|E ^ $ T V^ 5 » m^BM^i^ 
. ^!) ;t . EP 0 601 483^ WO 97/2725U WO 97/27252, WO 97/30136* Jt WO 99/11719cf 
trlE^ $ T 1/^ 5 o 
[ 0 1 0 8 J 

10 10 9 1 

^ (DMti ^ M K.t£ ^ wo 93/2 2 397 : EP 0, 261, 712 ; DE 195, 04, 224 ; WO 95/2 25 86*5 J: tJ? WO 
97/00600 M ;^ $ ixT 5 o b;i^L, ^ttfe<03:i)^f^'^c5g;^%§ttTV^S>f|^ 

[Olio] 
[ ft 3 7 1 
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P-(CHA0-<Q^C00}7<Q>-Y° 
P-(CH^),0 COO <Q)— Y° 

P-{CH,),0-^^C00-];;<2)^R' 
P-(CHAOH^COO-f^Q4;^g>-R^ 
P-(CH2),0 CH=CH - COO 

CH2=CHCOO(CH2), O = R' 

P^CH,),O-H^.C0O^^-f^4;^CH3iH(CH3)C,H3 

P-(CHj),0-^^- COO-^^^COO -^^-CH2CH(CH3)C2Hs 
P-(CH2),0 — <^3>- COO-Ter 



P-(CH. 



(Via) 
(VIb) 
(Vic) 
(VId) 
(Vie) 

(Vlf) 
(Vig) 

(Vlh) 
(Vli) 
(VIk) 

(Vim) 
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[0114] 

mllEco^V I *5J:t5V I I T-^^ttS-ttettisiO^-'i-tettrofi-g'pItM^i^ yy^^ttfk 40 

-pil X. (■£ Houben-Weyl, Methoden der organischen Chemie, Thieme-Verlag, Stuttga 
[0115] 

n ^ :^^m <D ^ =7 ti: ^ . 'Pt£< t h l®OS;V I a~V I mT'^^ixS — "g-igttfk 

^<^43j;o?^vi I a~vi I B X'mi^f\.^'pti < t h \ m(D--^^'&<Dm^'^mfj^i\:^ 

fj:i\:.^miSXXf(}^y3:<th2m<D^Vl a.-VIm-C^^ttS-'i-tgi^fb-a-ffeSr-g-tfo 50 
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[0116] 

fi^VI a~VIm*3j;U?VI I a~VI I et^hm9i^tltc<>f£<thim<Dm'^'^m 
[01171 

m ^ m f£ m-^ ^ fi^ <b <D . n-ctiitrnm^^-t i>m:^^7ii v ^ /^^M,(DW^m.rsi. 

W . D.J. Broer, et al., Angew. Makromol. Chem. 183, (1990), 45-66'f'{C 

iBfS] (cSEM $ m^fziiit^micmm-r^^ticx'o. ^--t^-r (in situ)T'm^ 

[0118] 

X <D m m ^ tz itM ^ ^ — n^ . m ^ it ^ :t > h < nm^ x (d m m ^ m^-r ^ o it^ 

[01191 20 

^ mm & ^ fz ^ > ^ ^ ^-r ^ ^ m it^ m =s: . m z 1 x t ^ ^ m^t£\i'~/u 

i^cfeW^P^&^Ji:LT. •e^J^f*. lSlie^tcA^T-#S-r/U;!f^rtT (Irgacure) 6 5 1 . 
/U:ff^zi.T18 4. iJ^odrn-T (Darocure) 1 1 7 3*fc»ii/odr^T4 2 0 5 (-r-<TCi 
ba Geigy AGt)^h) ^ m ^ t tl> X ^ . — m ^ ^ > ^ M ^ (D m -B- it ^ mHWJCA 

¥-C#5UV I 6 9 7.4 (Union Carbide) ;^fflV^5ri:dS-e#5o $f*L<tt, ^IT* 

y y^^^^t'B-'^^&^t^. m'B--^mti:m^m^i^it. ^tic, o. oi~iom*% 30 

< u V ^Mii^lfiJ tPo 
[01201 

[01211 

SrfflV^5^idST-#5o ^2(^StK^£r, \^ tz^-^ !^ (D m ±n \^ . M-^m. &^ 

9 ^ ^ /j: v^ r i «s T- # 5 o 'fk ^ «S J: 5 fb CO # -g- *3 v^ T . 2 ^fc <o S t£ ffl 5 ^ 

. <P f£ < t h 1 . fi <?5 J6 ffl ^^ lb n 5 ^ IS O T . ]@ T- ^j; ft 40 

. iJ^/jJ<i:'bltfc«3S4Rf*, zfy^^y^^mm. m^^7ii])^:^'r/v<Dy^/vj>s^ 011 x.« 
jKyji^U'V-T^W'^^U— h (PET) , ^Kytrr^/VT/Us — (PVA) , xKy:*— 

h (PC) hyr-fer^/Hr/Pn — ;^ (TAG) . #ic:»^U<{iPET:7.f/W 

>^ ^ y jJ' 7 ^ A ^ ffl ^^ 5 ^ t -e # -5 o 03 ;t « . P E T 7 >f A , ICI Corp. A> , 
^S.;*^ y^5':^>^ (Melinex) ® T-eiS^fif) t? # 5o 

[01221 
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. M^it. m^m^ . m :ti-£ h' ^ ^ - ^ u - X y) mm-r ^ z t K ^ y) ^ m^-r ^ :l t 

*5 T- t ^ o * fc. . m ^\-£y \f if Lfz7i( V -< ^ h"^tzny^ y< V > ^ l.fz S i 

[0123] 

f£ h-r. ^ mm m ^ mm m ^ ^ t ^ m X h ^ o $> -s v^ ft a fc, « . ^ 

^ . »5 t Ay if © ^ -a- ^ -C f4 , * ^g: ^ L Jt tt /j: /j: v^ o 

[0124] 

m:)7^^U'^--7^/i^j^<Dmm.(Dtztb(D:^^B^(Dm^-s!mf£^^Bm^!^i±^ $f*L< ft. 

0. l~3 5a«%.#fC0. 5~15S»%i3iOJ1^feT#{C^if*L<«0. 5~5S 

fi%®. ^iT-*$nsis*fctt2aeJiJi©a-a-prtg/j:^7/w;^j:ft:-a'i^=sr-^tPo i-s 

( 0 1 2 5 1 

iiiS^j. j^mm. mmm. m^Kit^y-^-. ^m^i^it^m . mmm. umm 
. ^mm. (hydrophobing agent). mmM. mw}^mm. mmx^m. m.^m. 

[0126] 

mm m mi^ X ^ X ^ , ^mm\^-^^^x (Di^M^fimtt. 4-^v^^yy=^/-/v-^ 

fz \t. Zf =^ ;v i\: yi K D h ^ > ( B H T ) T- 5 o 

[0127] 

Sfc, ]) ^ — <D ^ m ± ^ ^ tz }b K ^ 2o4fc:»i3ojKiJi(OS-&'5rfig?ie'i-tgS^^ 

tg-cfcSc -'B-t6'i4^7jyy^'t±^y-^-{-ov>-cwft*^jfi. i~2o<@«cM^^=^5fi- 

o 2oJ;t9#v^a-^BTt6J^es^^-r5^^yy^'l4^/•v-{co^^T<oft^^»J{i, hyp< 
^/W3?'n^-?>'hy^^':^y U"-h*fcH:^>^'3iy^y h yT ^ y U'-h-^fes 

[0128] 

-;^loJ;!9#^^a-a'"SJM^j:ftgS^Sr^-r^)'^t:-g•^^cD#:&TT•. ^ISb 
fejjfy-^ — ds#6)tt5o 

m*-tt5Ky^-y/KDMit®^c4?){c. is^is-g'i^'Sr. mmi^tzxoi^^^^^^^xm^ 

V^o 

[01291 
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[0130] 

^ I X- m ^ ti ^ yt m ^ it-^ m f£ m . #tc, m ^mm m -r ^ ^ ^ v y -i^ 7 ^ 

/u ^ fz \t m <D m'^ m-t ^ o r<Dj;5?fcJi*;/bf*7^/vAf4, Alt)t©. =i u ^ t V iy 

^ Tji-r . 'L^i^M X \-t. (2) 

;l = n • p ( 2 ) 

[0131] 

^ nitm^m<oy<i^ vm ^ X it. (3) 

A a. = A n • p ( 3 ) 

t^i?). =ru>^7^y 5/i5'#!|Sj.©t'5/^43j:Ut^®^An{ClfeSc#i-5„ 
(01321 

^/^>'Ki|JiAA^. ^ §,\cmi\^ ^ ^ ^ t t> X ^ ^ . Kiti ^ u :^ 7- 3 y y /V ^ m 
^ :i t t>X ^ ^ , ^^.e^St^^AA(Z)^^i^"g-tf7K¥^^°i5'->'Sr^-r'5='^ 
:^7- ]) ^ SLki 7 ^ t. tL\L Kki ^ infz^^^O K<Oi2:^^^^^ Ki|>iA X ^^-t ^ JJl^ 
^S#t7w/i^A^|r. Mag-rsrtds-^?^^, ;i(OJ;5''^:7w>/VA«)S!ijttt, woo 

0/34808*3 J: U« p. van de Witte et al., J. Mater. Chem. 9 (1999), 2087-2094 "t" fC IE ® 

[0133] 
[0134] 

^ I X u ^ ^ <o ^ ^ ;v f£ % m ^ ^ t£ . =■ u;=^7^y s/iS'/fefi-^-sr 

t6/j:M-^«^.coif^;&. M{c|B®bfeJ;5l-, S^itc^-hu. ¥ffi^^SaiRjlcli^J$^5 
o SSM^ix, S^JLfcJBtt. MxEcD^S: (2) tcj;«?, ^j-arA/i^y^picte^i-SScfiA. 

^ $ S -g- ife « 1 * « 2 W Jb © 5t S 14 ^ S fi . ^ 14 -ft -r 5 o •E^iJ X. « , ^ I "C- 

tttc:J:t9 3 0 0~4 0 0 nmlCiil^bit#-g-{Cf4. E-ZM'tt'fbSrSJtSc r*t{Cj:i9. 
>tMI4'fb"prtl/^<k'g-!^OHTPO->7h*s^tC Hfli^©^^ (1) tC^^oT. Pj-^A/fy 
^pjoctTJJ^^o-CScDSttiSftAcD^fbdJ^C^o ^14{bcoS^*3j;U5Arov'7h$:. m 

^\tmm^mm:xj^/ •^tz.\tmkium^^i\i^^ ^ z. ^ ^ . mm-r ^ ^ t t^x ^ ^ . 

[0135] 

tt as ^> *5 ^^ T ^ -t- 5 ;45 . # K $ T V^ l^ $P ^ }C *o V^ T (i >F ^ « * * -C' 5 o 

i^fife-r5ni:*s-C*#5o ^ \^ :^7- ]} y ^ . ^f\^h(O^^Ki(S\/^xmtE. 

rr-c. fc-y^j*. m^. i$iix.i-£yf^:^^^m\.x<D^-^^yCf-^m^Kxr)miti. 

^.e IH5 o ^^ T . ^ ^ ^ # . m ^ \t ^ f£ ^ m ^ ^ is X Xf X ^ tz it m M m.m (D T X 
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[0136] 

5 : 

[0137] 
[0138] 

*t#*5j;i5®ffi*^fejifeflji-Br-f(^. ^^m<Dm^<D^^}s^nmiEi:mm\^x. :^^m^ . 20 

^hfj^^^Y^^n^ih-Ti^. mm^\-t. t^rl50|5«^fflv^T. J^ISB^^ftt^^^i ©Steffi 
[0139] 

mriEtcjov^-c. to jiUs^T (Dmi^}3\^x ^ mic^ ^ fj: if ixtf . -t ^ X (D m. m it . 7k^iE<D 

SBc^T-^L, -r^X<DUioXX^y<-±^^y'~-i^i^. MM \^ X ?> h <D X ^ o 
m^m^:^h'P<D^9^i'fj:<i:^m(0<b'\iAyi3i\:.ix:f3HTP<Dmi-i. ^S;htp = (p*c) 

, 1 mm. %(DWk&ti. 0. oiroc<©iit{ctasi-s) „ 

[0140] 

m^-:^$^^i^v^|5s?), m(r>HT p mtt, mm^i^x^x ^ ^m^^- :^ h m^mu l c - e 2 

6 0 (Merck KGaA, Darmstadt, Germany) f . 1 % «3 *5 J: tl^ 2 0 © M S V^ T 9t 

ijATtDB&fig^fflv^T. <[i^m(Dm^Bmmw3^mm-r^ c = n = -^r ■. s 

= :^:^^'r^vi^: li*. C h = ^ 9 /i- ^ T ^ -Sr ^ tc a =i u :^ t ]) ^ : I = T ^ y 
V n \f y , ^i\,h<DU^<Dm<DWL^\t. SftS-e©^Bte^MSSr^i-o ^ h \^ . mp. 

mM.X-hK> . Antt. 58 9nm*5it;?20'1ClC*Jtt5ltiS»f-^3i>>9. Attt. 20 
'C{c*5ft5^®^:^i±-^fe5o -fb^^tf'CDC* fi. ^7/V?iCJ!l^iSr:^i-o DCMf4. 'J 40 

[0141] 
[0142] 

m 1 

-ft-g-J^ (1) Sr, i;tTl-l5«-r5J:pJ-MigLyto 
[ -fb 3 9 1 50 
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(1) 



/r\ bco- 



-0(CH2)30COCH=CH2 



10 



[0143] 

4 - (4 ;v<^/V-'>^a^dr->7W-) -^.i.#^2-fc Kp^->-1, 2-v?:7j^ — yl^ 

-3i'^/t.3i;^7^/W (1 a) 

i^^^^yh^79:^=i (IL) JC, 4 - (4 l>'^/>-v'i!^o-^dfv'/W) 

6. 3 1g, 23mmol) , S, S-1, 2-v=:73;^/W — cn^J?^-— 1, 2 — 'J :t — /l^ 
(5. OOg. 23mmol) , 4 - (v^^^/WT5/) -t'yv?^' (0. 24g, 2in 
mol) *3j;t/N, N' -v?v'^P^:3fv-/W;^;/k;j<v''<5:K (5. 16g, 25mmol 
) ^M^. i^V^-C, i;'^'np^^>' (5 0mL) ^SriP;t. jH-g^i^Ji^. ^m-C-Bfej5^#*if 

feo mj^i^^mmv. ^mm^ . zr^^i^ (2x2 smD -cj5fer^u, cm 

gS04) . m^TT'^*bfCo ^^A^n-^h^v^^- — (v-y;*;.!!. ^SI^J 20 

ib-CCHaCla) t-.t'?. 4 - (4--<>'^/L'-^/i:^n-^:^i/yU) -^S«S?2-t 
2-v^^7^ — /W-Ji^/U3i;^7'/l.(la) (6. 20g, 13mmol, 

5 7%) *S#e>tu, ^5t^£r, ^ H, ^ ^ C. GC-MS*5j;t/IRfCj;!9?i^UfCo 



4_ (4-^V^^V-v-^n^dr^:^/W) -gcSg^2 - { (E) - 3- [4 - (6-Tj^ 
yp^7lx:^:^v^-:/pt:''/W:^:ag^'>) -7rc=/W] — T7/-</t^;^=¥'>) -1, 2-i^7j 
= — ^ ;^ 7^ /k ( 1 ) 

^Jic>'v;^='tr, :j^:^'t )V (la) (3. OOg, 6mmol) . (E) - 3- {4 - [ 
6 - (3-^po-:7'ci^^/-r/w:e-=¥v') -:/pt°/W;*-#v'] - :7:n;=i/w} -T^y/vgf 
(2. 13g, Smmol) . 4 - (v'^^/WT?/) -t'yv?^' (0. 12g. 1mm 30 
ol) *3<tt/N, N' -^^->-iJ'P-^drv'/W:*/V^-i;?^'5:K (1. 44g, 7mmol) ^ 
;?JP;t. ^V^-C. e^i^pp^i?:^ (lOOmL) ^JP;t. ^S-a-f^^S:. ^^tir*42^Pfl*-#* 
if;fco 3^Ct-^ hya^^/VT^VCl. 2 5mL. 9mmol) ^ M 7L . m^^^ m . 3 St: 
■e-Bfe75»#*-lf. ^<omt^, W^^m^mmX^ . -f ^ :y (3X3 0mL) T-i5fej^U. IfcjS 
L (MgSO^) . ^IK^. *^TT-|^*bfCo ^^A^P-^h^^^^- - (v'y:;&±. 
^Si3^Ji:b-C@^^^^/Ui3j;t/4 0~6 0;*fyyvi : 9) \^ ^ '0 . 4 - (4--<>-^/W 
-i^i^P-v^i^/W) -^,&#^2 - { (E) - 3- [4 - (6-T^'yp>r/W:*-=5Pv'-:7' 
;V ^ ) -r7/--l'/V':^=¥'>'} -1, 2-i:^73i=:/U-3C<5=-/Hiiy^7" 

fV (1) (2. Og, ammo 1. 43%) fllagiSr. ^ H. ^ ^ C. GC-M 

m. p. = 72'C. HTP = 43o 
[0145] 
2 ^ 9 

WL'^m (2) =sr, ^^^T^-fE«-r5J:5^cSliigLfc„ 

[ 4 0 1 
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■OC.H, 



(2) 



0 14 6] 
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, 2-v^7ji=/W-J^^/UJi;^7^yU (2 a) 

%!^':7'7:^='iCMlO):3^:^7^Jl'(la) (5. OOg, llmmol). 4-3^/1^ 5 
- ^ ( 1 . 65g, llmmol) . 4 - ( ^ ^ 7V T ^ / ) - ]) >- ( 0 , 1 

2g. lmmol)*5j;t5N, N' -v'->^a^dri^/W;;&yk;Jfv?><$K(2. 27g. 1 
Immol) <^iDx. MV^T. v^i^^PU^iJ'^- (50mL) iSriDx., M^!^^ . 3 5 X: 
-Bfe*-#*-ffyto S^^^^S'a•!^Sr^i®U. tK (2X25mL) T'i5fe?^b. Ifeitb (M 

gSO^) . mm^ . m?5TT'B^*Lfc„ ;&7i.^o-^|.^^77>f - (v'y;<7Ji. ^81 
iUTCHaClz) I- ±9. 4 - (4-^:^^/U-'>i5'n^^'>/W) -^S«^2 - ( 
4-Jf:/V5/W-^.S.#®f) -1, 2-i?73i=iyW-3i^/Uaij^7'/W (2a) (2. Og. 20 
3mmol, 43%) -fiS#P>jX.fl|jg'Sr, ^H, ^^C, GC-MSSoJ;U'IR{c:J;<95S 

[01471 

4 - 4 - ^ > ^ 7U - 1^ a ^ ^ /]^) -^,§.#^2 - (4 - [ (E) - 2- (4-7^h 
=^'^"-73i=/V) -tf — /U] -^.&#^) -1, 2-v^73i — /U-3^^/V^j:;;!:7"/U (2) 
(4-n-r^h^iy^:/v=yU') H!J73ic:^>'U/J>;^7}N=iJ^Ayt35;K(3. 54g, 7mm 
ol) Sr. v'-y^^'hW^^g (IL) KM^. <200mL) 

S'CtCj^iPLfeo ;«7yi?i^t-yh^'>K (0. 90g, 8mmol) ^Mk. 

, 30^ra*»t*-ff. *«©^3i;^-7^7U (2a) (4. OOg, 7mmol) 

-fffCo S;c;®-^«^^. ZT 7 ^ y (2X5 0mL) T'i5fe^U. (Mg 

SO4) . ^!lgSr. *2gT-e^*L;fe„ ;(?^Ai5'n-x'Hj/^:7^' - (->y;(;_h, -msji 
^«I^JtbTCH2Cl2> -lHlStt^p!f^Ji:bTg^^:i:^/v*3J:Uf;<fyy:^ (40~6 
0) 1 : 9) <D%\^^ 4 - (4--0"?^/W-->^'n-vdf'>/W) -^,§.#^2 - (4 - [ ( 
E) - 2- (4-:/b^->-7:t-/U) - -^S#®S) -1, 2-v'7a:^yW- 

ji^/W3i;;<;7^/U- (2) v^;:«;^t4<z|s: (0. 80g. Immol. 15%) *5±TJ^h7i^ 

:^Mtt(*=(l. OOg. Immol. 19%)W|^;&tbT*il$ttfc„«it^. 'H. 
^ ^ C. GC-MS*5j;t|fIRtCj:!3flS^Uyho 
v';^mtt<*::m. p. = 96*C. HTP=13 

h^V^M'ttf*:m.p.=130'C.HTP=33o 40 
[0148] 

nj5S3*^cfi6-c-fo5. SI T (o <t -B- ^ ^ . m ^ \c X mm I. it , 

[ -ft 4 1 ] 



(50) 



JP 2004-523485 A 2004.8.5 




10 14 9] 
I 4 2 1 



(51) 



JP 2004-523485 A 2004. 8. 5 



CH30-<^~~yC0;-(^~~^C00, 

H-4 e-H 

o 




[ 0 1 5 0 J 

^Jl 0 - ]) — y ^ ;v (D 





5 


1 . 


7 


0 % 




1 


2 . 


9 


5 % 




2 


3 . 


7 


0 % 






9 . 


3 


0 % 


FX 13 




1 . 


1 


6 % 


T P O 




1 . 


1 


6 % 


4 - V ^->y 


31 / — /V 


0 . 


0 


3 % 



[ 4 3 1 

CH3 

CHj=CHCOj(CHj),0 ^~^COO OOC O(CH2)602CCH=CH2 (B) 

CHj^CHCO^CCHg)^© -^3^ COO -^^^^OCHg (C) 
CH2=CHC02(CH2)60--^3-COO-(^^^^^ (D) 

[01511 

it-^!^ (A) , (B) , ( C) io X rj iD) it. ^ V. J. Broer et al., Makromol. Chem. 1 
90, 3201-3215 ( 1989) 4^ ^ ^ T V^ S ;^ J; 19 . * fc »i ^ |^ ^ }C b T Si iig -f 5 

z. t Tb^x'^ FX13 i^mmm) 3m corp. hmmmi!^ A^X' ^ ^ . - 7 /w 
u T /umi:^-r ^m-^-^m^j:^^ :i-^^W:^mmmmx i> i> „ tpo (2, 4, e-b 

y ^ -O- >r /V - V? 7 :=! ^J^ 7 K . M ffa ^ V > (Lucirin) ( ^ 

mm) TPO) mm^i^T^^X'^^ytmit^Mxh^ cbasf aga> h ) „ 

10 15 2 1 

0. 0395g<O^?iJl(D<b-g-«^ (1) Sr. 0. 9566g<D^IKSllrAP^-C, mW-S 2 
3is#e>tt, (1) (OlggW:. ^@?^55-©7. 94%-^feo:to 
[01531 
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8mW/cm" ^ <Dik^ ^ m^'^X . ^ H X M it L- it o M^^^tCDU^K ^ ^ ^ (D y ^ /T^ 
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[01 54] 

^/vi^p 1 ~p 5 (DRkt^ 'L^^M\cS(ft 
[01551 

(Dmnis ^rj^mt- hmsi^-r\^. ^ ^ m <d m ^ (d m z is x m ie mm x . ^^m^ 
. (D^i^i^ts xxj^^micm^ i> ^ t i>^x ^ ^ o 

[SEOfSm/jilftiq] 
[01561 

^^M-^-t^^tKX'om^i^^fift. mi oic*5»t5^y-^ — :7^/V'.£.pi~P5coKf=r 

[021 7^/u-^p i~p 5<DS#t"^''C>iSt*lc*f-f-S3tMtt'ft:^ra^^i-Elt?fe5o 
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(U) LNTERNATIONAI. ATTUCATIOPI n/BUSBED tINDKR THE PjOTWT COOFIBATION TBIMTY (TCI) 




WOII2MM14 



Chlral Photolsomorlzable Compounds 

Field of the invention 

5 The invention relates to chlral photoisomerizable compounds, to 

liquid crystalline mixtures and polymers containing them, and to the 
use of these chiral photoisomerizable compounds, mixtures and 
polymers in optical and electrooptical devices like liquid crystal 
displays or projection systems, optical elements like polarizers, 

10 retardation films, compensators, colour (liters or holographic 

elements, in adheslves, synthetic resins with anisotropic mechanical 
properties, cosmetic and ph^-maceuUcal compositions, diagnostics, 
liquid crystal pigments, Ibr decorative and security applications, in 
nonlinear optics, optica) infbrmaOon storage or as chlral dopants. 

15 

3acl<qrQUn<)andpi1qf/Vt 

Chlral materials which change their chlrallly upon photoinwiiation are 
known In prior art For example, photoisomerizable chiral niaterials 

20 were reported which show E-Z or cIs-trans Isomerf zatlon upon 

photolnradlation and are (hereby converted from one chlral form info 
another chlral form. Further known are photodegradable or 
(photo)tunablB chiral materials (TCM) that change from chiral to 
atiilral or Id a raoemic mixture upon photolnadlatlon, due to 

25 destruction of their chlrality by photoellmination or photodeavaga of 
Hie chiral center. 

Photoisomerizable chlral materials have been suggested inter alia for 
the preparafion of chdesteric polymer films with patterned optical 
30 properties, which can be used as optical components like colour filters 
or broadband reflective polarizers in liquid crystal displays. The 
preparation of patterned cholesteric films is described for example in 
WO 00/34808. 
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Furthermope. phototsomerizable and phototunable chlral materials 
have been suggested for use in cholesteric or mutti-domain liquid 
crystal displays. 

5 For example. WO 98/57223 discloses a mulH-domain liquid crystal 
display with a nematic liquid crystal material comprising a 
polymerizable menttione derivative as photolsomerizable chiral 
dopant Ttie display comprises different sub-pixels in which the twist 
sense of the liquid crystal material is mutually opposite. It is 

10 manubctured by photoln^diaticn of a layer of liquid crystalline 

material containing a photoisonnsrizable chiral dopant with a given 
twist sense and a non-isomerizable chiral dopant with opposite twist 
sense through a photomask. This causes the isomerizable dopant In 
the exposed parts of the layer to change its chlrallty, leading to a 

15 change of the helical pitch In the exposed parts. 

US 5,668,614 discloses a multicolour cholesteric display made fl-om 
a cholesteric liquid crystal mixture comprising a tunable chiral 
material <TCM). The display is prepared by partially exposing the 

20 liquid crystal mixture with the TCM to photolrradlation through a 
photomask. This leads to a change of the chlrallty of the TCM by 
photodeavage or photoracemlsation and thus to a change of the 
helical pitch in the exposed parts of the cholesteric liquid crystal 
material. Thereby regions with different pitch and thus diflisrent 

25 colours of the reflected wavelength are otitained and a muWcoiour 
display is realized. 

Photolsomerizable chiral materials comprising menthone, camphor 
or nopinone derivatives or chlral sHIbenes have been reported by P. 
30 van de WItte et al., Liq. Cryst 24 (1998), 819-27. J. Mat. Chem. 3 
(1999), 2087-94 and Liq. Cryst. 27 (2000), 920-33 and A. Bobrovski 
etal., Liq. CtysL 25 (1998). 679-687. 

Tunable chiral materials (TCUs) comprising a photodeavable 
35 carboxylic acid group or aromatic keto group attached to the chiral 
center are disclosed In US 5,668,614. Furthermore, F. Vicentint, J. 
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wo 01/40614 

-3- 



Ctio and L. Chien. LIq. Ciyst. 24 (1998), 483-488 describe binaphthol 
derivatives as TCMs and their use in mulGcolour cholestertc displays. 

However, the Isomerizable and bjnable diirat materials of prior art 
5 have several drawbacks. The TCiy^s reported in US 5,668,614 and 
by F. VieentinI et at. have the general disadvantage that 
photodeavage is an irreversible process and leads to destruction of 
the chiral compound. The photoisomerlzable menthone and stiibene 
derivatrees disclosed in in WO 98/57223 and the articles of P. van de 
10 Witte et al. and A. Bobrovsiiy et ai. have the disadvantage lhat they 
are not easily structurally modified due to a lacic of functionality. 

Another drawtiack of many photoisomerizabie compounds known 
from prior art is that they exhibit only a low helical twisting power 
1 5 (HTP). The HTP describes the ef^sctiveness of a chiral compound to 
induce a lielically twisted motecular structure in a liquid crystal host 
material, and is given in first approximation, which is sufftelent for 
most practical applications, by equaUon (1) : 

20 HTP = pt (1) 

wherein c is the concentration of the chiral compound and p is the 
helical pHch. As can be seen from equation (1), a short pitch can be 
achieved by using a high amount of tfie chiral compound or by using 

-g a chiral compound with a high absolute value of the HTP. Thus, in 
case chiral compounds with low hITP are used, high amounts are 
needed to induce a short pitch. This is disadvantageous, because 
chiral compounds often negatively affect the properties of the liquid 
crystalline host mixture, like for example the clearing point, the 
dielectric anisotropy &e, the viscosity, the driving voltage or the 
switching times, and because chiral compounds can be used only as 
pure enantlomers and are therefore expensive and difficult to 
synthesize. 



Another disadvantage of chiral compounds of prior art is that they 
often show low solubDity in the Dquid crystal host mixture, which 
leads to undesired crystaHization at low temperatures. To overcome 
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ttils disadvantage, typically tMfO or more different chiral compounds 
have to bo added to the host mixture. This implies higher costs and 
also requires additional effort for temperature compensation of the 
mixture, as the difFerent chlral compounds usually have to t>e 
selected such that their tamperature coefficients of the twist 



Therefore, there is a considerable demand for chiral 
photoisomerizable compounds with a high HTP which are easy to 
synOiesize in a large renge of derivaUves, can be used in low 
amounts, show improved temperature stability of the cholesteric pitch 
e.g. for utilizing a constant reflection wavelength, do not affect the 
properties of the liqidd crystalline host mixture and show good 
solubility in the host mixture. 

The invention has the aim of providing chiral photaisomertzat)le 
compounds tiaving these properties, but not having ttie 
disadvantages of the chiral compounds of prior art as discussed 
above. Another aim of the invention is to extend the pool of chiral 
plwtoisomerizabie compounds available to the expert. 

It has been found that the above 



The terms Hquld crystalline or mesogenic matarial' or 'liquid 
crystalline or mesogenic compound' should denote materials or 
compounds comprising one or more rod-shaped, lath-shaped or disk- 
shaped mesogenic groups, i.e. groups with ttie ability to induce liquid . 
crystal phase behaviour. Rod-shaped and lath-shaped mesogenic 
groups are especially prefen«d. The compounds or materials 
comprising mesogenic groups do not necessarily have to exhibit a 
Dquid crystal phase themselves. Et Is also possible that ttiey show 
liquid crystal phase behaviour only in mbdures with other 
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mbdures thereof, are polymerized. 



For the sake of simplicity, the temn liquid crystal materiar Is used 
S hereinafter for t>oth liquid crystal materials and mesogenic materials, and 
(he term 'mesogen' is used for the mesogenic groups of the material. 

The term "helicslly twisted structure' refers to anisotropic materials, 
like for example liquid crystal materials, that exhibit a chiral 
10 mesophase wherein the mesogens are oriented with their main 

molecular axis twisted around a helix axis, like e.g. a chiral nematic 
(==cholesteric) or a chiral smectic phase. Materials exhibiting a 
ctiolesteric phase or chiral smectic C phase are preferred. Pardcularty 
preferred are materials exhibiting a cholesteric phase. 

15 

The term 'film' includes self-supporting, i.e. free-standing, films that 
show more or less pronounced mechanical stability and flexibility, as 
well as coatings or layers on a supporting substrate or between two 

20 

The term 'photoisomerizabla group" means a group that shows 
isomerization, for example cis-trans or E-Z Isomeriizatlon, Imparting a 
change in shape upon photoirracfiatkin with a suitable wavelength, 
preferably In the range from 250 to 400 nm, very preferably from 300 
25 to400nm. 

Brief Description of the Drawlnos 

Figure 1 depicts the reflection spectrum of polymer films P1-P5 
30 according to example 10, prepared by polymarizing a mixture 

photolsomerizatton for different periods of time. 

Figure 2 depicts the central wavelength of reflection of fibns P1-P5 
35 versus photoisomarlzation time. 
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X\ X'. X^ X*. X' and X" Independently of each other denote H. 
straight chain or branched aDcyl with 1 to 20 C atoms wherein one or 
more CHj groups can also t>e replaced by -0-, -S-, -CO-, -NR°-, - 
CH=CH-, or -CmC- In such a manner that O and/or S atoms are not 
linked directly to one another and wherein one or more H-atoms can 
also be replaced by F or CI, or denote an aliphatic or aromatic 
carbocyclic or heterocyclic group with 3 to 40 C atoms that may also 
comprise fused and/or substituted rings, or two of X\ X^, X', X*, X° 
and X* may also together form a cyclic group with up to 40 C atoms, 

with the provisos that x' * X' X* and X* * x' # X", and that the 
compound comprises at least one photoisomerizable group and at 
least one mesogenic group, or at least one group that Is 
photoisomerizable and mesogenic. 

Another object of the Invention Is a liquid crystalline mixture 
containing at least one compound of formula I. 

Another object of the present invention is a polymerlzabie liquid 
crystalline mixture comprising at least two compounds, at least one 
of which is a compound of fonnula I and at least one of wt^ch Is a 
polymerfzable compound. 
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Another otject of the Invention Is a chiral linear or aossitnlced 
anisotropic palymsrotitainable by polymerizing a polymerizable liquid 
crystalline mixture comprising one or more compounds of formula I. 

5 Another object of the invention Is the use of a chiral compound, 

mixture or polymer as described above In optical and electrooptical 
devices like liquid crystal displays or projection systems, such as 
STN, TN, AMD-TN, temperature compensation, ferroelectric, guest- 
host, phase change or surface stabilized or polymer stabilized 

10 cholesteric texture (SSCT, PSCT) displays, in optical elements, like 
reflective polarizers, retardation films, compensators, colour filters or 
holographic elements, especially in reflective films with patterned 
optical properties, in adhesives, synthetic resins with anisotropic 
mechanical properties, cosmetic and pharmaceutical compositions, 

15 diagnostics, liquid crystal pigments, for decorative and security 

applications, espedaily in security markings that are applied to Items 
or documents of value for easy Identification or prevention of 
falsification, In nonlinear optics, optical recording or information 
storage, or as chiral dopants. 

20 

Another object of the invention Is an anisotropic polymer film 
comprising a compound of formula I. 

Another object of the invention is a reflective polymer film with 
25 paftemed optical properties comprising a compound of formula I, in 
particular a cholesteric polymer film having different regions with 
different reflection wavetengtti. 

Another object of the invention Is a broadband reflective polarizer or 
30 colour filter compria'ng a compound of fonnulal. 

Another object of the invention is a liquid crystal display comprising a 
liquid crystalfine mixture or a polymeilzable liquid crystalline mixture 
comprising at least one chiral compound of fbmnula I . 
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Another object of the invention Is a liquid crystal display comprising 
an optical component, in particular a broadbarfd reflective polarc»r 
or colour filter, comprising a compound of formula I. 

Detailed Description of the Invention 

The inventive chlral photoisomerizable compounds are mesogenicor 
liquid crystalline, i.e. they can Induce or enhance mesophase 
behaviour for example in a mixture with other compounds or exhibit 
one or more mesophases themselves. It is also possible that the 
» behaviour only In mbctures 
ds, or, in case of polymerfzable compounds. 



• they can easily be synthesized, also on large scale of severel 
hundred grams, with a broad range of derivatives using standard 
methods that are known from the literature, 

• the starting materials can be obtained commercially or synthesized 
cheaply using methods Icnown from the literature 

■ they can be prepared enanUomerlcally pure as compounds of 
different handedness (left handed and right handed), enabling 
both left and right handed helices to be formed In a nematic host, 

• the availability of both helices is a considerable advantage, e.g. for 
the use in security applications, as It enables the production of 
chlral films or coatings reflecting drcuiariy polarized light of a 



• they exhibit a high HTP. 

• they exhibit a good solubility In liquid ciystalline mixtures, 

• they exhibit broad liquid ciystalDne phases. 
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• when inventive oampounds are used as chlral dopant in a liquid 
ciystalllne mixture, due to ttieir h\gt\ solubility highier amounts of 
dopant can be used to produce a highi twist (= a low pitch), 

• in case tiigti amounts of dopants are needed, due to the broad 
ilquid crystaiiine phases of the inventive dopants the liquid crystal 
phase of the host mixture is less negatively influenced, 

• due to Ihelr high HTP, lower amounts of inventive dopants are 
needed to achieve a high pitch, and thereby the liquid ctystalUne 
properties of the mixture are less negativeiy affected. 



dopants show a considerably Improved low temperature stability, 
• nematic liquid crystaiiine mlxtuiBs compiising one or more 
inventive dopants show a reduced temperature dependence of the 
threshold voltage when used In electrically swftchable displays, 

Preferably the compounds of fbnnula I comprise one or more 
polymerizabie groups. 

Particularly prefBrred are compounds of tbnnuia I, wherein 
X\ X". X\ X*, X» and X" are selected from 



a) H or straight chain or branched aikyl with 1 b> 20 C 
atoms wherein one or more CHz groups can also be 
replaced by -0-, -S-, -CO-, -NR"-. -CH=CH-, -C=C- in 
such a manner that O and/or S atoms are not linked 
directly to one another and wherein one or more l-i- 
atoms can also be replaced with F or CI. 

b) -B-(Sp)„-G,and 

c) -B-(Sp)„-(M'-Z'MPI)rCZ'-IW*)rR. 
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wherein Iwo of X'. x', X*. X*, X' and X" may also form 
together a cyettc group with up to 40 C atoms that Is 



X' * X" X' and X* * X' * X«. 
Is H or alkyi with 1 to 4 C atoms. 



more groups R, 

Is H. halogen, NO2, CN, SCN. SFj, straight chain, 
branched or cyclic aikyi with 1 to 25 C atoms wherein 
one or more CHj groups can also be replaced by -0-. - 
S-. -CO-. -NR"-, -CH=CH-, -C=C- In such a manner that 
O and/or S atoms are not linked directly to one another, 
and wherein one or more H-atoms can also be repleK»d 
liy F or CI, or P-{SpV. 

Is a polymerizable group. 

Is a spacer group with 1 to 20 C atoms. 



Is -NR"-, -0-C0-. -NR»-CO-, -O-COO, -OCHi-. 

-S^O-, -S-COO- or a single bond. 



group that may in addltkm t>e 

Mi' and are Independently of each other a mesogenic group, 
i, kandl are Independently of each other 0 or 1, 
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Z' and are independently of each other -0-, -S-, -CO-, -COO-, - 
OCO-. -CO-NR"-. -NR'-CO-, -CHjCHj-. -CFjCFj-. - 
CHjCFr. -OCHz-, -CHaO-, -SCHr. -CHjS-, -CFjO-, - 
S OCFr. -CH=CH-. -CF=CF-, -CH=CF-. -(CHj)«-, - 

CH=CH-COO-. -OCO-CH=CH-, -CoC- or a single Ixjnd. 

at least one of X', X', X'. X*. X' and X' Is -B-Sp-(M'-zV(PlMZ'- 
1 0 UfyG. and k in at least one of those groups is 1 . 

Particularly preferred are compounds of formula I comprising one to 
six, in particular one to four, very preferably one or two polymeiizatile 
groups P. 

15 

Further preferred are compounds of formula I comprising one to four. 
In particular one or two photoisomerizat>le groups PI. 

Further preferred are compounds of fDrmula I wherein =if,X' = 
20 X»andX* = X*. 

Further preferred are compounds of formula I, wherein one or more, 
in particular one or two of x' to X" are selected from the greups as 
defined in a). Very preferably these groups are selected from H, 
25 aDcyl, alkenyl, aikoxy. alkenyloxy, alkylcarbonyl or alkylcartwnyloxy 
with 1 to 12 C-atoms that Is optionally fluorinatad, or have one of the 
meanings of P. 

Further preferred are compounds of formula I, wherein one or more, 
30 in particular one or two of X* to X* are -B-(Sp)„-G. wherein B Is a 

linkage group, Sp a spacer group and G a cyclk; group as defined in 
formula I, and n Is 0 or 1. In these compounds B Is preferably -0-, - 
COO-, -O-COO- ore single bond, very preferably -COO- or a single 
bond, and n is preferably 0. 
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The cydic group O is preferably selected from cyclobutane. cydo- 
pentane, 3-{1 ,1 .-dlfrothylcydopentane), 2-tetrahydrofuran, 1-pyrrolldine, 
2-furan. 2-pyrrol, 2-thlophene, 2-oxazole, 2-thiazole, 2-lmidazole, 3- 
pyiToOdln-2-ane. cydohexane. 1-cydohexene, 2-tetrahydropyran, 1- 

5 piperidlne, 3-tatrahydrothiopyrane, 4-{1 ,3-dioxane), 1 ,4-dloxan8, 2-(1 .3.- 
diUilane), 1 ,4-dlthiane, 2-oxathlane, 4-thiomorphoiine, 4-morpholine, 
phenylene, 2-pyridine. 2-pyrlmidir>e, 2-pyrazine, 4-bicyclohexane, 4'- 
blcydohexyl-2-ene, 1-cyclohexane-1.4-dlone. 1-bicyclo[2,2,2loctylene. 3- 
cydohexenone, 3-hexahydro-fur<j[3,2-blfuran, 2-(1 ,4-dio)ca- 

10 8plro[4.5]decane), 2-naphthalene, 2-decahydronaphlhalene, 5-(1,2,3.4- 
tetrahydronaphthalene, 2-anthracene and 9-phenanttirene. 

Particularly preferably one or more of the groups G deriots 



with R having the meaning of formula I and a being 0, 1, 2, 3, 4 or S. 

Further preferred are compounds of formula I \Mherein one to five, in 
particular one to four of X' to X" denote H, cydoheiQ/l, phenyl that Is 
optionally substituted with 1 to 4 groups L as defined In fonmula II, or 
-(COO),^ with o being 0 or 1 and S being alkyi with 1 to 4 C atoms. 

Further preferred are compounds of formula I wherein two of X'' to 
X», in particular the groups X' and X* or the groups X* and X* or the 
groups X' and X* are H. 

Further preferred are compounds wherein two of X' to X", In 
particular the groups X' and X° or the groups X' and x' or the groups 
X' and X* are cydohexy) or phenyl that Is optionally substituted with 
1 or 2 groups L as defined in formula II. 

Further preferred are compounds wherein one of X^ to X° is H and 
one of X' to X" is cyciohexyl. phenyl that is optionally substituted with 
1 to 4 groups L as defined in formula 11, or -(COO)a-S with o being 0 



15 
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or 1 and S being alkyi with 1 to 4 C atoms, In particular those 
wherein one of X' and X" or one of X» and X' or one of X' and X* Is 
H and the other is cydohexyl. phenyl or -(COO)^S. 

5 Further preferred are compounds, wherein two of X\ X', X*. X*. X" 
and X* together form acyclic group wHh up to 40 C atoms. Preferred 
compounds of this type are selected from the foDowIng formulae 



10 



15 



20 




1-1 



i-2 



1-3 



wherein 

X' and X° are Independently of each other halogen. NOj, CN . 

SCN. SFj. straight chain or branched alkyl with 1 to 25 C 
atoms wherein one or more CHi groups can also be 
replaced by -0-. -S-. -CO-. -NR°-. -CH=CH-. -C=C- In 
such a manner that O and/or S atoms are not linked 
directly to one another, and wherein one or more H- 
atoms can also be replaced by F or a, or denote a 
cycioalkyi, phenyl, benzyl or fused cartiocycllc or 
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heterocyclic aliphatic or aromatic group with up to 25 C 
atoms that Is optionally substituted wilh one or more 
groups R as defined in fomnula I, or P-{Sp)n, 

S p is in eacti case independently 0, 1 , 2 or 3, and 

r Is In eacti case independently 0, 1, 2, 3 or 4. 

In the above formula, two substituents X' or X' in neighboured 
10 positions on a phenyl ring can also form a fused cartxicyclic or 

heterocyclic aliphatic or aromatic group with up to 25 C atoms, Hice 
for example In the following compounds 




l-1a 



l-2a 



30 




35 



wherein the aromatic rings may also be mono- or poiysubsUtuted 
with R as defined In formula I. 
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Particularty preferred are compounds of Ibrmuta I wherein one to six, 
in particular one, two. three or four, very prefisrai>ly one or bwo of 
to X« denote -B-(Sp)„-(M'-2')i-(PI)ir(Z*-MVR- Very prefeifwl 
compounds of this type are those wherein two of X'' to X", In 
particular the groups X' and x' or the groups X' and X* denote -B- 
(Sp)„-(M^Z')r(PI)k-{Z'-M')rR, especially those wherein the two 
groups -B-CSpXtCM'-ZVpiVCZ'-M'VR are Identical. 

The compounds of fbrmula I comprise at least one mesogenic group, 
which can be a photoisomarizable group PI that Is In addition 
mesogenic or a separata mesogenic group M' or M'. 

The mesogenic groups M* and are preferably of formula li 

-{A'-Z)„,-A*- II 



a' and a' arelndeperxtenOyofeachot 



B] 1 /4-cyclohexylene in which, In addition, one or (wo 
non-adjacent CH2 groups may be replaced by O 
and/or S, 



C) 1 ,3-dioxolane-4,5-dlyl, 1,4-cyclohexenylene, 
30 piperldlne-1,4-diyl. 1.4-blcyclD-(2,2,2)-octylene, 

naphthalene-2,8-diyl, decahydro-naphthalene-2,6- 
diyl, 1 ,2,3,4-tetrahydronaphthalene-2,6-diy1 or 
indane-2,5-diyl, 

35 It being possible for all these groups to be unsubstttuted, 

mono- or polysubstituted with L, 
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L Is halooen, CN. SCN. NOj. SF, or an alkyi, alkoxy. 

alkylcarbonyl or alkoxycarbonyl group with 1 to 4 C 
atoms, wtiereln one or more H atoms may be substituted 
5 withFora. 

Z lias In each case Independently one of the meanings of 

Z' in fomiula I, and 

10 m 180.1, 2or3. 

Alternatively A* and/or A^ can have one of the above meanings of G. 

The mesogenic groups m' and/or preferably Incorporate two or 
15 three five- or six-membered rings. 

A sinalter group of preferred mesogenic groups of formula II is Dstad 
twiow. For reasons of simplicity. Phe In these groups Is 1 ,4- 
phenytene that may also be substituted with 1 to 4 groups L as 
20 defined in formula II, Cyc Is 1 ,4-cydohexylene and Z has one of the 
meanings offomnula II. The list Is comprising the folknving 
Bubfbrmulae as weH as their mirror Images 



-Phe- 11-1 

25 -Cyc- 11-2 

-Phe-Z-Phe- 11-3 

-Phe-Z-Cyc- IM 

-Cyc-i-Cyo- 11-5 

-Phe-Z-Phe-Z-Phe- 11-6 

30 -Phe-Z-Phe-Z-Cyo- 11-7 

-Phe-Z-Cyc-Z-Phe- 11-8 

-Cyc-Z-Phe-Z-Cyc- 11-9 

-Phe-Z-Cyc-Z-Cyo- 11-10 

-Cyc-Z-Cyc-Z-Cyc- 11-11 
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Z Is preferably -COO-, -OCO-. -CH^Hr or a single bond. 

Very preferably the mesogenic groups and are selected from 
the following formulae and their mirror Images 



20 
25 




(L), (u n 

B. Jxh 

30 
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• 19- 




llq 



5 



wherein L and r have the above meanings, and r Is preferably 0, 1 or 2. 



The group -^oV these preferred formulae is very preterably 



denoting -\o)- • -\o)- • or -(o)- • furthermore -\0^ 



with L having each Independently one of the meanings given above. 

15 Particulany preferred are the subfoimulae lid. Ilg. Ilh. Mi. Ilk and llo, 
in particular the subformulae lid and lllc. 

L Is preferably F, CI. CN, NOj. CH3. CjHj, OCHj. OCzH,. CC5CHj. 
COCjHj, COOCH3, COOC2H5. CFj, OCF,. OCHFj or OCjFs. In 
20 particular F. CI. CN. CHj, CjH,, OCH,. COCH,. CFj or OCF, .most 
preferably F. CI. CH,. OCH, or OCFj- 

The compounds of formula I comprise at least one photoisomerizabla 
group PI. The photoisomertzabie grcHip PI can be every group that Is 
25 known to the skilled In the art for this purpose, as for exampla 

disclosed In John C. Coyte, "Introduction to Organo Photochemlstiy" 
1986. John Wikiy ans Sons. Chichester. UK. 

Preferably the photoisomerizable group PI is of fonnula III 



10 





30 



-C^-D'=D^-C*- 



III 



35 
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and are independently of each other CH or N or a saturated 
C atom In a cartiocyclic or heterocyclic 5- or 6- 



C' and are Independently of each other a bivalent aliphatic or 

aromatic cartiocydic or heterocyclic group with 3 to 40 C 
atoms that may also comprise fused rings, and or 
C' and ID* may also together form a 5- or S-membered 
carbocycle or heterocycle, and C' may also denote a 
single bond. 

Preferably C' and c' have Independently of each other one of the 
meanings of A' as defined In fonnula II, and D' and are 
independently of each otiier CH or N. Further preferred are 
compounds wherein is a single bond. 




6^ 



-21 - 



Mid 




(lie 



wherein D' and are CH or N. L has the meaning of formula II, and 
r has the meaning given above. 

Particularly preferred are groups Hid. especially those wherein 
andO'areCH. 

Particularly preferred are compoLjnds of formula I comprising at least 
one. preferably one or two groups -B-(Sp)^M'-Z'HPI)K-{Z*-M')rR. 
wherein B is -OCO-. n and I are 0. k is 1 and PI Is of fomnula I lid, so 
that the rest -B-{Sp)„-(M'-Z')r(PI)k- fonns a cinnamate group. 

Further prefisrred are compounds of formula I, wherein PI is of 
formula III and and/or C' are a mesogenic group of formula II. In 
case these compounds comprise additional mesogenic groups or 
M*, these may be the same or different as C and/or C^. 

Particularly preferred are compounds of the following subformulae 
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has one of the meanings of A'-' in formula II 



.<S>an.<S>an 



X', X'. X", Z, D", D*. p, r and s have one of the meanings given 



and have Independently of each other one of the meanings of 
B given above, 

R'. R'. R', R', R= and R' have 
the meanings of R given above 
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X* is straight chain or branched alicyl with 1 to 25 C atoms wherein 
one or mora CH2 groups can also be replaced by -0-. -5-. -CO-, - 
NRO-. -CH=CH-. -C-C- In such a manner that O and/or S atoms 
5 are not linked directly to one another, and wherein one or more H- 

atoms can also be replaced by F or CI, or denotes a cydoalkyt, 
phenyl, benzyl or fused cartjocyclic or heterocyclic aliphatic or 
aromatic group with up to 25 C atoms that is optionally substituted 
with one or more groups R or L as defined In formula I, or P-(Sp)n, 

10 

a is 0. 1,2 or 3, and 
b IsO, 1or2. 

1 5 Particularly preferred are compounds of subfbrmulae la to In wherein 

- A* and A' are cyctohexyl or phenyl that may also be substituted 
with one to four, preferably one or two groups L as defined above, 

- Z is -COO-, -OCO-, -CHjCHr or a single bond, 

20 - C' and C' are cyclohexyl or phenyl that may also be substituted 
with one to four, preferably one or two groups L as defined above, 

- D' and D' are CH, 

- X'andX'areH, 

25 • bMs COO and is OCO , 

- R' and are F. CI, CN, alkyi or alkoxy with 1 to 10 C atoms, or 
P-{Sp>n- 

- one or both of R* and R' denote P-(Sp)„-, 

30 - R> and R* have of the meanings of L given above or denote P- 
(SpV, and preferably are F. CI. CN or optionally ftuorinated alky) 
or alkoxy w4th 1 to 3 C atoms. 

- p. r and s are each independently 0, 1 or 2, 

3g - r' and R° are alkyI or alkoxy with 1 to 4 C atoms or denote P- 
(Sp}„-- and preferably are methyl, ethyl or propyl. 
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- X* is straight chain, branched or cyclic aUcyl or alityloxy wHh 1 to 
12 C atoms, or phenyl that Is optionally substituted wHh one. two 
or three groups L as defined above, 

- alsOorl, 

- bisl. 

Very preferred are compounds of the fotlowing subfbnnulae 



wherein R'. R*, Z, A', A', a and b have the meanings given above, 
In particular those wfieroin a and b are 0 and R'' and R'' are P-Sp. 

If R in formula i is an alltyt or alkoxy radical, i.e. where the terminal 
CHj group is replaced by -0-, this may be straight-chain or branched, 
it is preferably straight-chain, has 2, 3, 4, 5, 6, 7 or 8 carton atoms 
and accordingly is preferably ethyl, propyl, butyl, pentyl. hexyl, heptyi. 
octyl, ethoxy, propoxy. butoxy, pentoxy. hexoxy, heptoxy, oroctoxy, 
ftjrthermore methyl, nonyl, decyl. undecyl, dodecyl, tridecyl, 
tetradecyl, pentadecyl, nonoxy, decoxy, undecoxy. dodecoxy, 
tridecoxy or tetradecoxy, for example. 



10 




20 




in1 



Especially preferred is straight chain alKyl or aikoxy with 1 to B C 
35 atoms. 
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Oxaalkyl. > s. where one CH2 group Is replaced by -0-, Is preferably 
straight-chain 2-oxapropyl (=methoxymethyl), 2- (=ethaxymethyt) or 
3-oxabutyl (=2-methoxyethyf), 2-, 3-, or 4-oxapentyt, 2-, 3-, 4-, or 5- 
oxahexyl. 2-. 3-. 4-, 5-, or 6-oxahBptyl. 2-. 3-, 4-, 5-, 8- or 7-oxaoctyl. 
2-, 3-, 4-, 5-, B-, 7- or S^xanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or 9- 



R in formula I can be a polar or an unpolar group. 

In case of a polar group, It Is preferably selected from CN, NO2, 
halogen. OCH3, SCN, COR*. COOR° or a mono- oligo- or 
polyfluorinated alkyi or alkoxy group with 1 to 4 C atoms. R° is 
optionally fluorinated atkyi with 1 to 4. preferably 1 to 3 C atoms. 
Especially preferably polar groups are selected of F. CI, CN, N02, 
OCH3. COCH,. COCjH,, COOCHj, COOCjHs. CFj. CjFs. OCF,. 
OCHF:, and OC2FS. In particular of F, CI. CN, OCH, and OCFj. 



R in fonnnuta I can be an achiral or a chirsi group. In case of a chiral 
group it Is preferably selected according to formula IV: 



30 Is-O-.-S-.-CO-.-COO-.-OCO-.-OCOO-orasinglebond, 

Is an alkylene or alkyiene-oxy group with 1 to 9 C atoms or a 
single bond, 

3S is an aikyi or alkoxy group with 1 to IOC atoms which may be 

unsubstltuted, mono- or polysubstituted with halogen or CN, it 
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being also possible for one or more non-adjacent CHj groups to 
be replaced. In each case independently from one another, by 
-CaC-. -0-. -S-, -NR"-, -CO-, -COO-, -OCO-, -0C0-0-. -S-CO- 
or -CO-S- In such a manner that oxygen atoms are not tbiked 
S diracHy to one anoftier, 

Q* Is halogen, a cyano group or an alky) or alkoxy group with 1 to 4 
C atoms different from Cf. 

10 In case In formula IV is an alkylene-oxy group, Oie O atom Is 
preferably adjacent to the chlral C atom. 

Preferred chlral groups are 2-alkyl, 2-aIkoxy, 2-methylaikyl, 2- 
methylalkoxy, 2-fiuoroalkyl. 2-fluoroalkoxy, 2-(2-ethln)-alkyi. 2-(2- 
15 ethln)-alkoxy, 1,1.1-trinooro-2-alkyl and 1.1,1-trifluoro-2-a[koxy. 

Particularly preferred chiral groups are 2-butyl (=1-n>ethylpropyl), 2- 
methylbutyl, 2-methy1pentyl, 3-methytpenty1, 2-efhy1haxyl, 2- 
propylpentyt, in particular 2-niethylbutyl, 2-methytbutoxy, 2- 

20 methylpentoxy, S-methylpentoxy, 2-ethylhexoxy, 1-methyihexoxy, 2- 
octyloxy, 2-oxa-3-methylbutyl. 3-oxa-4-methylpentyl. 4-methylhexyl, 
2-hexyl, 2-octyl, 2-nonyl, 2-dscyl, 2-dodecyl, e-methoxyoctoxy, 6- 
meihyloctoxy, 6-methyloctanoyloxy. S-methylheptyloxycaibonyl, 2- 
methyltMityrykixy, 3-methylvaleroyloxy, 4-methylhexanoyloxy, 2- 

25 chlorpropionyloxy, 2-chk>ro-3-methylbutyryloxy, 2-<^loro-4- 

methylvaleryloxy, 2-chloro-3-melhylvaieryk>xy, 2-»nethyl-3-oxBpentyl, 
2-inethyl-3-oxahexyl, 1-methoxypropyl-2-oxy, 1-ethoxypropyl-2-0)cy, 

1- propoxypropyl-2-oxy, 1-bu1oxyprepyl-2-oxy, 2-fluonooctyloxy, 2- 
fluorodecyloxy. 1,1,1-6ifluoro-2-octyloxy, 1,1,1-ti1fluofx>-2-octyl, 2- 

30 fluoroinethyioctyloxy for example. Very preferred are 2-hexyl, 2-octyl, 

2- octyloxy, 1.1,1-trifluoro-2-hexyl. 1,1.1-trinuoro-2-octyl and 1,1,1- 
tr1flUOrt>-2-OCtyloxy, for example. 

In addition, compounds of formula I containing an achiral branched 
35 group R may occasionally be of importance, for example, due to a 

reduction in the tendency towards crystallization. Branched groups of 
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tMs type generally do not contain more than one chain l)fanch. 
Preferred achlral branched groups are Isopropyl. isobutyi 
(=methytpropyl). Isopentyl (°3-methyllnjtyl), isopropoxy. 2-nnethyt- 
propoxy and S-methyitjutoxy. 

5 

Another preferred emtxxliment of the present invention relates to 
compounds of formula I wherein R Is denoting P-(Sp)„. 

R° in fonnula I is preferably H or CHj, in particular H. 

10 

The poiymorisable group P is prefarably selected from CHa=CW'-COO- 



, w'hC CH- , w'--^<^"A-0-,CH2=CW'-0-,CH,-CH=CH-0-. 

15 HO-CW^^"-. HS-CW'W'-. HW'N-, HO-CW'w'-NH-. CH2=CW'-CO- 
NH-. CH2=CH-(C00)irt-Phe-(0)Kz-, Phe-CH=CH-, HOOC-, 0C^- and 
W*W\V^i-, with W' being H. CI. CN, phenyl or alkyi with 1 to 5 C- 
atoms, In particular H, CI or CHj, and W being independently of 
each other H or alltyl with 1 to 5 C-atoms. In particular methyl, ethyl or 
20 n-propyl, W*. W*and W* being independently of each other CI, oxaalkyi 
or oxacartxjnylalkyi with 1 to 5 C-atoms, Phe being 1 ,4-phenylene and 
kt and k; being independenUy of each other 0 or 1 . 

P Is paiticularly preferaljly an acrytate, methacrylats, vinyl, vinyloxy. 
25 epoxy, styrene or propenyl ether group, In particular an acrylate. 
methacrylate, vinyl or epoxy group. 

As spacer group Sp in formula I all groups can tie used that are 
known for this purpose to the skllled in the art Sp is preferably a 

30 straight chain or branched alkylene group having 1 to 20 C atoms. In ' 
particular 1 to 12 C atoms. In which, in addition, one or more non- 
adjacant CHj groups may be replaced by -0-, -S-, -NR°-, -CO-, -O- 
CO-, -S-CO-. -O-COO-, -CO-S-, -C0-0-. -CH(halogenK -CH(CN)-, - 
CH(OH)-, -(CFj)^-. -(CDzV. -CH=CH-. -CF=CF-, .CH=CF- or -C-C-. 

35 with X being an Integer from 1 to 12, and in wtiich one or more l-l 
atone may be replaced by halogen, CN or OiH. 



O 
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Typical spacer groups are for example -(CHi)y-. -(CHaCHjOi-CHaChV. 
-CHiCHrS-CHjCHr or -CHiCHrNH-CHjCHr. With y being an integer 
from 2 to 12 and p being an integer from 1 to 3. 

Preferred spacer groups are ethylene, propylene, butylene, 
penlylene, hexylene, heptylene. octylene, nonylene, decytene, 
undecylene, dodecylene, ocfadecylene, ethyleneoxyethylene, 
iTiethyleneoxyt)utylene, ethylene-thioethylene, ethylene-N-methyt- 
iminoethylene. 1-methytalkylene, ethenylene, propenylena and 
butenylene for exainple. 

Especially preferred are Inventive compounds of formula I wherein 
Sp is denoting alkylene or alkylene-oxy with 2 to 8 C atoms. Straght- 
chaln groups are especially preferred. 

In another preferred embodiment of the invention the compounds of 
fbnmula I comprise at least one spacer group Sp that is a chlral group 
offbrmulaV: 



Q' and Q* have the meanings given In formula IV, and 

Is an alkylene or alkylene-oxy group with 1 to 10 C atoms or a 
single bond, being different from Q'. 

in case in formula V is an alkylene-oxy group, the O atom Is 
preferably adjacent to the chlral C atom. 



35 



Throughout this text, halogen Is preferably F or a. 
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The Inventive chiral compounds can be synthesized acoirdlng io or 
In analogy to methods which are known per se, aa described in the 
literature (for example In the standard wori(s such as Houben-Weyl, 
Methoden der Organlschen Chemie [Methods of Organic Chemistiyl, 
S Georg-Thlema-Verlag, Stuttgart), to be precise under reaction 

conditions which are known and suitable for said reactions. Use may 
also be mads here of variants which are known per se. but are not 
mentioned here. Further methods for preparing the inventive 
compounds can be taken from the examples. 



in particuiar, the inventive compounds can be prepared according to 
or in analogy to the following reaction schemes. 




10 



20 




=h.o-<Qkcc^Qkc 



25 




30 




35 
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a} (DHQ)2-PHAL. N-methylinorphollna N^ide. t-butanol, potassium 
osniatB <VI) dihyctrate. r.t.; b) DCC. 4-<dlmeUiylaniinoVpyr1dlne. DCM. 
10 r.t.: c) DCC. 4-(dlnielhylamlno)-pyrldlne, DCM. r.t.; d) potassium t- 
butaxide.THF,-5*C. 



^ ^— ^"^y-O(CHjM0COCH«CH, 



a) OCC. 4-(dlniethyiannino)>pyridine. DCIM. r.t; b) DCC. 4- 
(dimethylamino)-pyridine, DCM. r.t; c) NEfg, 35 *C. 
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The inventive chiral compounds can be used In a liquid crystal mixture 
Ibr liquid crystal displays esthibitina a tMdsted molecular structure of the 
liquid crystal matrix like, fbr example, twisted or supertwisted nematic 
displays with multiplex or active matrix addressing, or in displays 
comprising a liquid crystal mixture with a chlrai liquid crystalline phase, 
like for example chlral smectic or chiral nematk: (cholasteric) mixtures 
for ferroelectric or cholesterlc displays. 

The Inventive compounds, mixtures and polymers are especially 
suitable for cholasteric displays, like for example surface stabilized or 
polymer stabilized cholesterlc texture displays (SSCT, PSCT) as 
described In WO 92/19695. WO 93/23496, US 5,453,883 or US 
5.493,430, in particular for liquid crystal devices with variable pitch, 
like multi-domain liquid crystal displays as described for example in 
WO 98/57223, or mulHcoiour cholesterlc displays as desalbed Itor 
example In US 6,668,614. 
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The entire disclosure of the above mentioned documents Is Introduced 
Into tliis application liy way of rafarence. 

5 The inventivfl compounds of formula I are also suitable for use In 
phoCoctiromlc liquid crystal media, wlilch change their colour upon 
photoradlatlon. 

Thus, another object of the Invention Is a liquid crystalline mixture 
10 comprising at least one chiral compound of formula I. 

Yet another object of the Invention are cholesteric liquid crystal 
displays comprising cholesteric liquid crystalline media containing at 
least one chiral compound of fonnnula I. 

15 

Many of the inventive compounds are characterized by a good 
solut>!lity in liquid crystalline host mixtures, and can be added as 
dopants to liquid crystalline hosts in high amounts without 
significantly affecting the phase behaviour and electrooptical 

20 properties of the mixture. Undeslred spontaneous crystallization at 
low temperatures is thereby reduced and the operating temperature 
range of the mixture can be broadened. Furtherniore, these chiral 
compounds can be used for the preparation of a highly twisted liquid 
crystal medium even if they have a tow HTP, because the dopant 

25 concentration can be increased to yield low pitch values (I.e. high 
twist) without affecfing the mixbire pnqierties. The use of a second 
dopant, wtiich is often added to avoid crystallization, can thus be 
avoided. 

30 Many of the Inventive cHrai compounds of formula I exhibit high 

values of the HTP. A liquid crystalline mixture with high helical twist, 
i.e. a low pitch, can be prepared by using these compounds as 
dopants, or a liquid nystalline mixture vidth moderate helical twist can 
. be achieved by using these Inventive compounds as dopants already 

35 In very small amounts. 
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As mentioned above, the inventive compounds are furthsnnore 
advantageous Ijecause tfiey are affecting the physical properties of 
the liquid crystalline mixture only to a minor eitont. 

5 Thus, when admixing the chlral compounds of formula I for example 
to a liquid crystalline mixture with positive dielectric anlsotropy that is 
used In a liquid crystal display, &e Is being only slightly reduced and 
the viscosity of the liquid crystalline mixture is increased only to a 
small extent This leads to lower voltages and improved sviritching 

1 0 times of the display when compared to a display comprising 
conventional dopants. 

A liquid crystalline mixture according to the invention comprises 
preferably 0.1 to 30 %, in particular 1 to 25 % and very particularly 
1 5 preferably 2 to 1 5 % by weight of chiral compounds of fonnula 1. 

A liquid crystalline mixture according to the invention preferably 
comprises 1 to 3 chlral compounds of formula I. 

20 In a preferred embodiment of the invention the liquid crystalline 

mixture Is consisting of 2 to 25. preferably 3 to 15 compounds, at least 
one of which Is a chiial compound of formula I. The other compounds 
are preferably low molecular weight liquid atystalllne compounds 
selected firom nematic or nematogenic substances, for example fttim 

25 the kno¥m classes of the azoxybenzenes,benzyadene-anillnes, 
biphenyls, terphenyls, phenyl or cydohexyl banzoates, phenyl or 
cydohexyl esters of cydohehaxanecartioxylic add, phenyl or 
c^ohexyl esters of qidohexylbenzolc add, phenyl or cydohexyl 
esters of cyclohexylcydohexanecarboxyiic acid, cydoiiexyiphenyl 

30 esters of benzoic acid, of cydohexanecartx>xyiic acid and of cyclo- 
hexylcydohexanecarboxylic add. phenylcydohexanes, cydohexyl- 
Wphenyls, phenylcydohexytcydohexanes, cyclohexylcydohexanes, 
cyclohexylcydohexenes, cyclohexylcydohexylcydohexenes, 1,4-bi8- 
cydohexylbenzenes, 4.4'-bis-cydohexylblph6nyls, phenyl- or cyclo- 

35 hexylpyrimldines, phenyl- or cydohexylpyrldines, phenyl- or cydo- 
hexylpyridazines. phenyl- or cyctohexyldloxanes. phenyl- orcydo- 
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hexy<-1,3-dllManes, l,2-dlphanyl4thane9, 1, 
phenyU-cydohexylethanes. 1-cyclohexyl-2-(4-phenylcyclohexyl> 
ethanes, 1-cyclohexyl-2-blphonyl-elhane8. l-phenylZ-cydohexyl- 
phenyleltianes, optionally halogenated stitbenes, benzyl phenyl ether, 
tolanes, substituted dnnamlc acids and further classes of nematic or 
nematogenic substances. The 1 ,4-phenyfene groups in these 
compounds may also be laterally mono- or dffluorlnated. 



The most Important compounds that are posssible as components of 
these Dquld crystalline mixtures can be characterized by the ftilowing 
fomuia 



wherein L' and E, which may be identical or different, are In each 
case, independently from one another, a bivalent radical from ttie 

20 group formed by -Phe-. -Cyc-, -Phe-Phe-. -Phe-Cyc-, -Cyc-Cyc-, 

-Pyr-, -Dio-, -B-Phe- and -B-Cyc- and their mirror images, where Phe 
is unsubsfltutad or fluorine-substituted 1.4-phenytene, Cyc Is trans- 
1 Acydohexyiene or 1 ,4-cyclohexenylene, Pyr is pyrimidine-2,5-diyi 
or pyridlna-2,S-diyl, DIo is 1 .3-dioxane-2,5-dlyt abd B is 2-(trans-1 ,4- 

25 cyclohexyl)elhyi, pyrimidlno-2,5-dlyl, pyrldlne-2,5-diyl or 1.3-dioxane- 
2,SHdiyl. 

G' in these compounds Is selected from the fbllowtng bivalent groups 
-CH=CH-. -N(0)N-, -CH=CY-. -CH=N(0)-. -C-C-. -CHrCHj-. 
30 -00-0-, -CH2-O-, -CO-S-. -CHrS-. -CH=N-, -COO-Phe-COO- or a 
single bond, with Y being halogen, preferably chtorine, or -CN. 

R' and R" are. In each case. Independently of one another, alkyi, 
alKenyl, alkoxy, alkenyioxy, alkanoyloxy, alkoxycartjonyl or 
35 alkoxycartjonyloxy with 1 to 1 8, preferably 3 to 12 C atoms, or 
attemativeiy one of R' and R" is F. CFj. OCF,. CI, NCS or CN. 
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In most of these compounds R' and R" are, In each case, 
independently of each another, alkyi, alkenyl or aPcoxy with different 
chain length, wherein the sum of C atoms in nematic media generally 
5 is between 2 and 9, preferably between 2 and 7. 



Many of these compounds or mixtures thereof are commercially 
available. All of ttiese compounds are either known or can be 
prepared by methods which are known per se, as described In the 

10 literature (for example in the standard works such as Houben-Weyl, 
Metfwden der Organlschen Chemie [Methods of Organic Chemistry], 
Georg-Thieme-Verlag, Stuttgart), to be precise under reaction 
conditions which are known and suitable for said reactions. Use may 
also be made here of variants which are known per se, but are not 

15 mentioned here. 



A preferred use of the inventive compounds is the preparation of 
polymerizable liquid crystalline mixtures, anisotropic polymer gels 
and anisotropic polymer films. In particular polymer films that exhibit 
20 a helfcally twisted molecular structure vwth uniform planar orientation, 
i.e. wtwrein the helical axis Is oriented perpendicular to the plane of 
the film, ilka oriented cholesteilc films. 

Anisotropk: polymer gels and displays comprising them are dlsdosad 
25 for example in DE 195 04 224 and G8 2 279 659. 

Oriented cholestaric polymer films can be used for example as 
broadband reflectiva polarizers, colour flitars, security markings, or 
for the preparation of lk)uld crystal pigments. 

30 

Broadband cholestaric reflective polarizers are described for 
example in EP 0 606 940, WO 07/35219 or EP 0 982 605. Colour 
filters are described for example in EP 0 720 041 or EP 0 685 749 
and R. Maureretal.. SID 1990 Digest, 110-113. Lkjuid crystal 
35 pigments are described for example In EP 0 601 463. WO 97/27251 . 
WO 97/27252, WO 97/30136 or WO 99/11719. 
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For the preparation of anisotropic polymer gels or oriented polymer 
films, ttia Kquld crystalline mixture should comprise at least one 



Thus, another object of the Invention are polymerizable liquid 
crystalline mixtures comprising at least two compounds, at least one 
of which is a chiral compound of fomiula I and at least one of which 
10 is a polymerizable compound. The polymerizable compound can be 
said at least one compound of formula I or an additional compound. 

Examples of suitable polymerizable mesogenic compounds that can 
bo used as co-components In the polymerizable mixture are 

15 disclosed tor example In WO 83«2397: EP 0^61.712; DE 

195.04^24; WO 95Q2586 and WO 97/00600. The compounds 
disclosed in these documents, however, are Co be regarded merely 
as examples that shall not limit the scope of this Invention. 
Preferably the polymerizable mixture comprises at least one 

20 polymerizat)le mesogenic compound having one polymerizable 
functional group and at least one polymerizable mesogenic 
compound having two or more polymerizable functional groups. 

Examples of especially useful monoiaactivB chiral and achiral 
25 polymerizable mesogenic compounds are shown In the folloviring list 
of compounds, tMhIch should, however, be taken only as iliustrative 
and Is in no way intended to restrict, but instead to explain the 



jound, preferably a polyr 



5 



30 




(Via) 



3S 



P-<CH,,.0-Q-COO-^-(Q>-Y' 



(VIb) 
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p-(CH,).o -<^^coo 

FMCH,)l.O-^^-CH»CH-COO 

10 

P-(CH,i,0-(^-COO-^^-f^^^CH,CH<CH,)Cp<, 

20 rMCHjtO-^^coo-^^coo-^^ctvjH(ctv(VH, 

PHCHjH,0 — ^^-COO-Ter 

25 

PKCH,|.O-^^COCM»0l 
30 P-(CHJl,O-^^-C0O''~''^^'^"-''"""***'^ 



wherein, P has one of the meanings given above, x is an integer 
from 1 to 12 , A is 1 ,4-pheny1ene or 1,4-cydohexylene, v is 0 or 1, V" 
Is a polar group, Is an unpolar alkyi or alkoxy group, Ter Is a 
terpenoid radical like e.g. menthyl, Choi is a cholesteiyl group, and U 



(Vic) 
(Vld) 
(Vie) 

(VIO 
CVIB) 

(Vlh) 
(Vli) 
(VIk) 
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and are each Independently H, F. CI. CN. OH, NOj or an 
optionally halogenated alkyi, alkoxy or carfaonyl group with 1 to 7 C 

5 The polar group Y* Is preferably CN. NOj. halogen, OCHj, OCN, 
SCN, COR*. COOR* or a mono- oligo- or polyfluorinated alkirf or 
alkoxy group with 1 to 4 C atoms. R° is optionally fluorinated alkyI 
with 1 to 4. preferably 1 to 3 C atoms. Especially preferably the polar 
group Is selected of F, CI, CN, NOj. OCH3. COCH3, COC2H5, 

10 COOCH,, COOC2H5, CFj, CjF,, OCFj, OCHF2, and OCjFj, in 
particular F, CI, CN, OCHj and OCFj. 

The unpolar group Is preferably an alkyI group with 1 or more, 
preferably 1 to IS C atoms or an alkoxy group with 2 or more. 
1 5 preferably 2to15C atoms. 

Examples of useful diraactive chiral and achiral polymertzable 
mesogenic compounds are shown In the foHowirfng Dst of compounds, 
which should, however, be taken only as Illustrative and Is In no way 
20 intended to restrict, but instead to explain the present Invention 




25 




30 



-ohQ.co.'^'o^-O-o- 





(Vllc) 
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"T OOCCH^-^CXCKAP 




and y is an integer frot 



The mono- and difunctional polymerizabre mesogenic compounds of 
above formulae VI and VII can be prepared by methods wNch are 
known per se and which are described in the documents cited above 
and, for example, in standard VMiifcs of organic chemistry such as. 
for example, Houben-Weyl, Methoden der organlschen Chemie, 
Thieme-Verlag. Stut^rL 



In a preferred embodiment of the invention the polymerizaUe liquid 
oystalllne mixtures comprise at least one inventive chlrai compound 
of formula I, at least one monofunctlonal compound of formulae Vla- 
Vlm and at least one blfuncUonai polymeiizable compound of 
formulae VI la- Vile. 



In another prefenred embodiment the pdymerizable liquid crystalline 
30 mixtures comprise at least one invenOve chlral compound and at 
least two monofunctlonal compounds of fomiulae Vla-Vlm. 

Another object of the invention is an anisotropic polymer film with an 
oriented chlral liquid crystalline phase obtainable by (co)polymei1zing 
35 a liquid crystalline mixture comprising at least one chirai compound of 
formula I and at least one polymerizable mesogenic compound 
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piefeiably selected of formula Vla-VIm and Vlla-Vlle and/or at least 
one polymerizaUe chiral compound of formula I. 

The preparation of an anisotropic polymer film with twisted structure 
5 from a polymerlzable mixture is generally described for example m 
D.J. Broer, et al., Angew. Makromol. Chem. 183, (1890). 45-66. The 
cholesteric polymerizable mixture is coated onto a substrate, aligned 
into uniform planar orientation, and polymerized in situ by exposure 
to heat or acUnic radiation, thereby fixing the uniform alignment. 
10 Alignment and curing are carried out In the chiral liquid crystalline 
phase of the polymerizable mixture. 

Actinic radiation means irradiation with light, like UV light, IR light or 
visible light In-adlation with X-rays or gamma rays or Irradlaflon with 
15 high energy particles, such as Ions or electrons. As a source for 

actinic radiation for example a single UV lamp or a set of UV lamps 
can bo used. Another possible source for actinic radiation is a laser, 
like e.g. a UV laser, an IR laser or a visible laser. 

20 For example, when photopolymerizing by means of UV light, a 

photoinKlator can be used that decomposes under UV irradiation to 
produce free radicals or Ions that start the polymerization reaction. It 
is also possible to use a catlonic photolnltlator, when curing reactive 
mesogens with for example vinyl and epoxide reactive groups, that 

25 photocures with cations instead of free radkals. As a photolnltlator 
for radical polymerization for example the commercially available 
Irgacure 651 , Irgacure 184, Oarocure 1 1 73 or Darocure 4205 (all 
from Ciba Geigy AG) can be used, whereas In case of cationic 
photopolymerization the commercially avaHabie UVI 6974 (Unton 

30 Carbide) can be used. Preferably the polymerizable liquid oystalline 
mixtures comprising polymerizable chiral compounds of flarmula I 
and/or polymerizable mesogenic compounds of fomiulae VI and VII 
additionally comprise 0.01 to 10 %, In particular 0.05 to 6 %, very 
prsferebly 0.1 to 5 % by weight of a photoinitiator, especially 

36 preferably a UV-photoiniUator. 
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Preferably polymerization is cairied out under an atmospliere of inert 
gas, preferably under a nHrogen atmosphere. 

As a sultstrata for example a glass or quaiz sheet as well as a plastic 

5 film or sheet can tie used. It is also possible to put a second 

substrate on top of the coated mixture prior to, during and/or after 
poiymsrization. The substrates can tie removed after polymerization 
or not. When using two substrates in case of curing by actinic 
radiation, at least one substrate has to be transmissive for the actinic 

10 radiation used for ttie polymeiizatlcn. Isotropic or birefringent 

substrates can be used. In case the substrate Is not ren^oved frcxn 
the polymerized film after poiymerization, preferably isotropic 
substrates are used.Preferably at least one substrate is a plastic 
substrate such as for example a film of polyester such as 

15 polyethyienelerephthalate (PET), of polyvinylalcohol (PVA), 

polycarbonate (PC) or triacetylcellulose (TAC), especially preferably 
a PET film or a TAC film. As a birefringent substrate for example an 
uniaxialiy stretched plastic fUm can be used. For example PET films 
are oommerciaRy available from iCI Corp. under the trade name 

20 Meiinex. 

The polymerizabie mixturB Is preferably coated as a thin layer on a 
substrate or between substrate, and aligned in its chlral mesophase, 
e.g. Itie dwlesteric or chiral smectic phase, to give a planar 

2S orientation, i.e. wherein the axis of the molecular heibc extends 
transversely to the layer. Planar orientation can be achieved for 
example by shearing the mixture, e.g. by means of a doctor blade, it 
Is also possible to apply an alignment layer, for example a layer of 
rubbed poiylmlde or sputtered SIO, , on top of at least one of the 

30 substrates. Alternatively, a second substrate is put on top of the 

coated material. In this case, the shearing caused by puttiitg together 
the two substrates is sufficient to give good alignment. It Is also 
possible to apply an electric or magnetic field to the coated mixture. 

35 In some cases It is of advantage to apply a second substrate not only 
to aid alignment of the polymerizabie mixture but also to exclude 



(98) 



JP 2004-523485 A 2004.8.5 



WO0I/4M14 PCT/IM1/10M4 
-44- 



oxygen that may inhibtt Iho polymerization. Alternatively curing can 
be carried out under an atmosphere of Inert gas. Hmvever, curing in 
air Is also possible using suitable pholoinitiatOfs and high lamp 
power. When using a caUonic photolnitlatar oxygen exclusion most 
5 often Is not needed, but yyater should be excluded. 

An inventive polymerizable liquid ciystaliine mixture for thie preparation 
of anisotropic polymer nims comprises preferably 0.1 to 35 %, In 
particular O.S to IS % and very partlcularty preferably O.S to S % by 
10 weight of one or rrK>re polymerizable chirai compounds of fbnnula I. 
Polymerizable liquid crystalline mixtures are preferred that comprise 1 
Id 3 chlral compounds of formula I. 

The inventive patymerizabie liquid crystalline mixtures can 
15 additionalty comprise one or more other suitable components such 
as, for example, catalysts, sensitizers, stabilizers, inhibitors, co- 
reacling morvjmers, suriace-actlve compounds, lubricating agents, 
wetting agents, dispersing agents, hydrophobing agents, adhesive 




Preferably the Inventive polymerizable mixhire comprises a stabilizer 
that is used to prevent undesired spontaneous polymerization far 
example during storage of the composition. As stabilizers In principal 
25 aa compounds can be used that are known to the skilled In the art for 
this purpose. These compounds are commercially available in a 
broad variety. Typkal examples for stabilizers are 4-ethoxyphenol or 
butylated hydroxytoluene (BHT). 

30 It is also possible, in order to increase crossllnking of the polymers, 
to add a non mesogenic compound with two or more polymerizable 
functional groups, preferably in an amount of up to 20% by weight, 
to the polymerizable mixture alternatively or additionally to 
muitlfunctional mesogenic polymerizable compounds. Typical 

35 examples for difunctlonal non mesogenic monomers are 

alkyldiacryiates or alkyldimethacrylates with alkyi groups of 1 to 20 C 
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than two polymerizabis groups are trimettiylpropanetrimethacfylata 



5 Polymerization of Inventive compositions comprising compouruls 
wHti only one polymerizable lunclional group leads to Dnear 
polymers, whereas In the presence of compounds with more than 
one polymerizal)le functional group crosslinlced polymers are 

obtained. 

10 

For the preparation of anisotropic polymer gels, the liquid crystalline 
mixtures can be polymerized In situ as desci1l>ed above, however, In 
this case alignment of the polymerizable mixture is not always 
necessary. 

15 

Due to the presence of a photoisomerizable group In the compounds 
of formula I, the chlrality of the inventive compounds and liquid . 
crystalline mixtures can be changed by photoirradiation. 
Photolnadation can be achieved for example with irradiation by UV 
20 light or ottter high energy sources such as lasers. 

The photoisomerizable compounds of formula 1 are particularly 
suitable for the preparation of cholesteiic films or layers with planar 
alignment Such layers or Alms show selective reflection of visible 
25 light that Is circularly polarized, caused by Interaction of Incident light 
with the helically twisted structure of the cholesteric material. The 
central wavelength of reflection X depends on the pitch p and 
average rsfractiva index n of the cholesteric material according to 
equation C2) 

30 X = np (2) 

The bandwidth ax of the reflected wavelength band depends on the 
pitch and the birefringence An of the cholesteric material according to 
equation (3) 

35 

AX = An-p (3) 
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The Inventive compounds and mbchires can for example be used to 
prepare reflective ctiolesteric films wherein the optical properties, like 
the reflection wavelength X and the reflection bandwidth AK, can be 

5 varied easily. For example, cholesteric reflective films with a 
horizontal pattern comprising regions of different reflection 
wavelength X, or broadband reflective Alms with a broad bandwidth 
AX. of the reflected wavelength band can be prepared. The 
preparation of such films Is described for example In WO 00/34808 

10 and In P. van ds Witte et al., J. Mater. Chem. 9 (1999), 2087-2094, 
the entire disclosure of which is incorporated Into this application by 
way of reference. The preparation of patterned cholesteric films and 
of broadband reflective films is also exempiarily described below. 

1 5 A cholesteric film with variable wavelength can for example be 
prepared as follows: 

A thin layer of a cholesteric polymerizable mixture comprising an 
Inventive chirai photolsomerlzable compound of formula I is coated 

20 onto a substrate and aligned into planar orientation as described 

above. The coated and aligned layer shows selective reflection of a 
waveiength X that is depending on the helical pitch p according to 
above equation (2). If the coated layer is exposed to photoradlatlon 
of a suitable wavelength, the photolsomerizable group(s) in the 

25 compound of formula t Is isomeilzed. For example. In case the 

compound of formula I comprises a photolsomerlzabis group PI of 
formula Ilia wherein D* and 0 are CH (stHbene group), the sUlbene 
group will undergo E-Z-lsomerlzation If the wavelength of radiation is 
selected accordingly between 300 and 400 nm. This causes a shift of 

30 the HTP of the photoisomerizable compound and, according to 
above equation (1), a change In the helical pitch p and thus In ttie 
renecdan wavelength X. of the layer. Ttie degree of isomerization and 
the shift of X can be controlled by varying e.g. the Irradiation time 
and/or the radiation dose. The structure of the layer is then fixed by 

35 in-situ polymerization. 
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If only a part of the layer Is exposed to photoradiatlon, the helical 
pitch and reflection wavelength will change only In the exposed parts, 
but remain unchanged In the non-exposed parts. This can be 
achieved for example by photoradiatlon through a photomask that Is 
S applied on top of the coated layer. Afterwards, the cholestertc 
structure Is fixed In those parts where the pitch has changed by 
polymerization, for example by in-situ photopolymerization through 
ttie photomask. If the above steps of photoisomerization and 
(photo)potynierizatlon are then repeated for the previously non- 
10 exposed parts of the coated layer under different conditions, e.g. 
different irradiation time and/or radiation dose, a patterr)ed 
ctiolesteric film is obtained with different regions showing different 
reflection wavelengths. Such patterned films are suitable for example 
for use as colour filter in optical or electrooptical devices like liquid 
15 crystal displays or projectors. They can also be used for security 
markings, e.g. to identify or prevent feisification of credit cards, 
passports, bank notes or other documents of value. 

A broadband reflective cholesteric film can for example be prepared 
20 as folkws: 

A layer of a cholesteric mixture with planar orientation comprise a 
photoisomerizable compound of foimula I addWonally comprises a 
dye having an absorption maximum at the wavelength where the 

25 isomerizable compound shows photoisomertzafion. For example, the 
mixture may comprise an Isomerizable compound showing 
isomerizatlon at a wavelength in the UV range together with a UV 
dye. If the mixture Is exposed to UV radiation as described atiove. 
the dye will create a gradient in UV light intensity throughout the 

30 thickness of the layer. As a consequence, the isomerizatlon Is faster 
at the top of the layer than at the bottom and a pitch gradient is 
created, leading to a broadening of the reflected wavelength band. 
The pitch gradient and reflection bandwidth can be controlled for 
example by varying the film thickness. Irradiation Umo, radiation dose 

35 and/or the concentration of the UV dye and the photoisomerizable 
compound. If the cholesteric mixture comprises one or more 
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polymerizaWe components, Ihe structure of the fllm can be fixed by 
In-situ polymerization. 

From the foregoing description, one sidlled In the art can easily 
5 ascertain the essential characteristics of this Invention, and without 
departing from the spirit and scope thereof, can make various 
changes end modlflcations of the Invention to adapt It to various 
usages and conditions. 

10 Without further eiateratlon. K is believed that one skilled in the art 
can, using the preceding description, utilize the present Invsntton to 
its fullest extent The fbikiwing examples are. therefore, to be 
construed as merely illustrative and not limitative of the remainder of 
the disclosure in any way whatsoever. 

15 

In the foregoing and In the following examples, unless otherwise 
Indicated, all temperatures are set forth uncorrected in degrees 
Celsius and all parts and percentages are by weight. 

20 The values of the helical tsMsting power HTP of a chiral compound in 
a liquid crystalline host are given according to the equation HTP = 
(p«}'* in |im'\ wherein p Is the pitch of the molecular helix, given in 
tan, and c Is the concentratkxi by weight of the chiral compound in 
the hiost given in relative values (thus, e.g. a concentration of 1 % by 

25 weight is corresponding to a value of c of C.01). 

Unless Indicated othenwise, the HTP values of the examples were 
determined in the commercially available DquM crystal host mixture 
IMLC-6260 (D/leick KGaA. Oamnstadt, Gemnany) at a concentraUon of 
30 1 % and a temperature of 20 *C. 

The following abbreviations are used to Illustrate the liquid crystalline 
phase behaviour of the compounds: C = crystalline; N = nematic; S = 
smectic: N*, Ch = chiral nematic or cholesteric; I = isotropic. The 
35 numbers betyraen these symbols Indicate the phase transition 

temperatures in degree Celsius. Furthermore, mp. Is the melting point. 
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An is tha birefringence at SS9 nm and 20 *C and As is the dieiectric 
anisotropy at 20 *C. C* in a chemical fonnula denotes a chiiat C atom. 
OCM is dichlofomettiane. 

'Conventionai workup' means: water is added if necessary, the mixure 
Is extracted with methylene chloride, diethyl ether or toluene, the 
phases are separated, the organic phase is dried and concentrated by 
evaporation, and the product is purified by crystallization and/or 
chromatography. 



1 5 Compound {1 ) was prepared as described below 

^ Q^«>-^hQ>-o,ch,kococh=ch. 
4-f4-Pentvl^ohexvlVben20lc add 2-hvdroxvw1 .2-diDhenvl-ethvl 



To a Jacketed flask (1L) 4-(4-pentyl-cydohexy1)-benzolc add (6.31g, 
23mmol). S,S-1.2-dipheny-ethane-1.2-dlol (S.OOg, 23mmol), 4- 
(dimethytamlno)-pyridlne {0.24g, 2mmol) and N,N'- 
dk:ydohexy<carbodilmide (S.16g, 25mmol) were added, followed by 
the addition of dichloromethane (SOniL), and the mixture stirred at 
ambient temperature overnight Solid material was then filtered, the 
organk: layer washed with brine (2x2SmL), dried (i^^gSOi) and the 
solvent removed under vacuum. Column chromatography (on sDIca, 
CHjClj as eluent) gave 4-(4-Pentyl-cydohexyl)-benzoic add 2- 
hydroxy-1,2-diphenyl-ethyl ester (1a) (e.20g, 13mmoi. S7%), 
structure conflrmed by ^H, GC-MS and IR. 
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4-(4-Pentvl-cvclohexvlVb8nzolc acid 2-«El-3-[4-f6-aerv1ovloxv- 
DroDvloxvWDhenvn-allanovloxvl-1.2-diD henv1-ethvl ester f11 

5 To a round bottomed flask ester (1 a) (3.00g, Brnmol), {E)-3-{4-[6-C3- 
Chloro-propanoyloxy)-propyloxy>phenyl}-acryllc add (2.13g, 
Smmol)), 4-{dlmethylamlno)-pyridlne (0.12g, Immol) and N,N'- 
dicycrohexylcartxidiimide (i .44g, 7mmal} were added, followed by 
the addition of dichloronrtettiane (lOOmL), and Die mixture stirred at 

1 0 ambient temperature for 42h. Triettiylamine (1 .25mL, 9mmol) was 

then added and the mixture stirred at 3S°C overnight after which time 
the mixture was filtered, washed with brine (3x30mL), dried (IVIgSO«) 
and the solvent removed under vacuum. Column chromatography 
(on silica, ethyl acetate and 40-60 petrol as eiuent 1 :9) gave 4-(4- 

16 Pentyl-cyclohexyl)-benzolc acid 2-{(E>-3-l4-(6-acryloyloxy-propyloxy)- 
phenyl]-allanoyloxy}-1,2-dlphenyt-ethyl ester (1) (2.0g, 3mmol, 43%), 
staicture confimied by ^H, "C, GC-MS and IR. 

m4). = 72*C,HTP = 43 




To a round bottomed flask ester (1a) of wcample 1 (S.OOg, 1 1mmol], 
iWbnnyHjonzolcacId {1.66g. Ilmmol)), 4-{<flmethylamino)-pyridjne 
(0.12g, 1mmol} and N.N'-dicydohexyicartxxliimide (2.27o. Ilmmol) 
were added, fonovved by the addition of dichloromethane (SOmL), 
and the mixture stired overnight at 3S°C. The reaction mixture was 
then filtered, washed with water (2x25mL). dried (MgSO*) and the 
solvent removed under vacuum. Column chromatography (on silica, 
CHjClj as eluent) gave 4-{4-Pentyl-cyclohexyl)-benzoic acid 2-(4- 
fbnnyl-benzoic acid>1 ,2-diphenyl-ethyl ester {2a) (2.0g. 3mmol, 
43%). structure confirmed by 'H, "C, 6C-MS and IR. 

4-(4-Pentvl-cvclohexvlVbenzoic add 2-M-»EV2-f4-Butoxv^ihenvl>- 
vlnvn-benzo ic acidWI .2-diphenvl-ethvl ester (2) 

(4-n-Butoxyt>enzyt)trlphenylphosphonium bromide (3.54g. 7mmol) 
was added to a jacl<eted vessel (1L), dissolved In tetrahydrofuran 
(200mL) and cooled to 5°C. Potassium t-butoxide (0.90g. Bmmol) 
was then added and the mixture stirred for SOmin.. after which ester 
{2a) (4.00g, Zmmoi) was added and stirred for a further 30min., 
before slowly Increasing the temperature to 25°C and stirring 
overnight The reaction mixture was then washed with brine 
(2x50mL), the oiganic layer dried (MgS04) and the solvent removed 
under vacuum. After column chromatography (on silica, l" with 
CHiClj as eluent, 2"' wHh ethyl acetate and petrol (40-60) as eluent 
1:g)4-<4-Pentyl-cyclohexyl>4]enzolc add 2-<4-{(E)-2-(4-8u1oxl^ 
phenyl)-vinyq-benzolc add}-1.2-diphenyl-ethyl ester (2) was isolated 
as both the c«s- (0.80g, Immol. 15%) and trans- (I.OOg, Immol. 
19%) isomers. The stiuctures were confirmed by 'H, ^'C, GC-MS 
and IR. 

ds-isomer m.p. = 86 "C. HTP = 13 
trane-lsomer m.p. = 130 'C. HTP » 33 



The following compounds, wherein n Is 3 or 6, aie prepared analoguously 
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'^'-{yo-co o. P 

Q^'=-0-^^-Q-0,CHp,OCOCH^ 
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Q^-0-VQ-0«>«.OCOCH.CH. 



Example 10 - Preoarallon of a 

The polymertzable mixture M was formulated, 

Compound A 51.70% 

Compound B 12.95 % 

Compound C 23.70 % 

Compound D 9.30 % 

FX 13 1.16% 

TPO 1.16% 
4-Methoxyphenol 0.03 % 



CM,-CHCOj(CH,),0-<^^C00-^^^00C-^^^O(CH,),0^CH=CH, (A) 



CH,=CMCOrfCH,),O^^COO-^_^OOC-^^0(CH,VO,CCH.CH, (I 
CH,=CHCO,(CH,)^,0-Q>-C00-<Q)-OCH, (( 
CH,=CHCOj(CH,)|p- 



Compounds (A), (B), (C) and (□) can be prepared according or in 
analogy to t»ie methods described in D.J.Broer et al., Makromol. 
Chem. 100. 3201-3215 {1989). FX13* is a polymerlzable nonionic 
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oxids. Trademark Lucirin* TPO) is a commercially available 
phololnitlator (horn BASF AO). 

Mixture M is dissolved in xylene to give solution S1 witli a 
concentration of 50 % of total solids. 0.0395 g of compound (1 ) of 
example 1 are added to 0.9566g of solution S1 to give solution S2 
with the concentration of (1 ) being 7.94 % of total solids. 



Sample 


jPI P2 P 


3 P4 P5 


lsomerizati( 


an 0 0.5 1 


2 3 


time (s) 







The reflection spectrum of the polymer films P1-P5 are depicted in 
Figure 1. It can be seen that the central wavelength of reflection is 
shifted towards higher values with increasing Isomerization time. 
Figure 2 depicts the central wavelength of reflection of films P1-PS 
versus Isomerization time. 



The preceding examples can be repeated with similar success by 
30 substituting the generiealiy or specifically described reactanis and/or 
operating conditions of this invention fbr those used In the preceding 
examples. 

From the foregoing description, one sidlled in the art can easily 
36 ascertain the essential characteristics of this Invention, and without 
departing from the spirit and scope thereof, can make various 
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dianges and modifications of the invention to adapt it to various 
conditions and usages. 
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1 . Photoisomerizable chiral compounds of tbrmula I 



x\ X\ X'. X*. X' and >? independently of each other denote H. 
straight chain or branched alkyi with 1 to 20 C atoms wherein 
one or more CHj groups can also be replaced by -0-, -S-, -CO-, 
•NR"-, -CH=CH-. or -0<C- in such a manner that O and/or S 



more H-atoms can also be replaced by F= or CI. or denote an 
aliphatic or aromatic carbocyclic or heterocyclic group with 3 to 
40 C atoms that may also comprise lused and/or substituted 
rings, or two of X\ X', X*. X*. X? and X" may also together fonri 
an optionally substituted cyclic group with up to 40 C atoms, 

with the provisos that X' * X' * X' and X" * X' * X", and that the 
compound comprises at least one photolsomerizable group and 
at least one mesogenic group, or at least one group that is 



Chiral photolsomerizable compounds according to dalm 1, 



X', X', X*. X' and X* are Independently of each other 

a) H or straight chain or branched alkyI with 1 to 
20 C atoms wtierein one or more CHj groups 
can also be replaced by -0-, -S-, -CO-, -NR"-, 
-CH-CH-. -C-C- In such a manner that O 
and/or S atoms are not United directly to one 
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also be replacsd witti F or a. 

b) -B-(Sp)*-G,or 

c) -B-(Sp)„-(M'-Z')r(PI>r(Z'-M')rR. 

wherein two of X', X', X', X*, X' and X" may also 
form together a cyclic group with up to 40 C atoms 
that is optionally substituted with one or more group 
R. and 

X' * X' * X' and X* * X' * X«, 
is H or alkyi with 1 U> 4 C atoms, 



|} with 3 to 40 C atoms that may 
also comprise fused rings and may also be 
substKutad with one or more groups R, 

Is H. halogen. NO2, CN. SCN, SF,. straight chain, 
branched or cydlc alkyI with 1 to 25 C atoms 
wherein one or more CHj groups can also be 
replaced by -0-, -S-, -CO-. -NR°-. -CHsCH-. -C=C- 
In such a manner that O snd/or S atoms are not 
linked directly to one another, and wherein one or 
more H-atoms can also be replaced by F or CI, or 
P-{Sp)„-. 

is a polymsrizabis group. 



Is a Spacer group II0 20 C atoms. 



B Is -0-. -S-, -NR"-, -OCO. -NR'-CO. -0-C00-. - 

OCHr. -S-CO-. -S-COO- or a single bond. 



PI tea photoisomenzable group that may In addlflon 

be mesogenlc, 

and are indapendenOy of each other a mesogenlc 
group, 

I, k and I are independently of each oOier 0 or 1 , 

Z' and Z' are Independently of each other -0-, -S-. -CO-. - 
COO-, -OCO-, -CO-NR°-. -NR^-CO-. -CHjCHj-. - 
CFaCFj-, -CHjCFr. -OCHr. -CHjO-. -SCHj-. - 
CHjS-. -CF2O-. -OCFj-. -CH=CH-, -CF=CF-. - 
CH=CF-. -(CHj)<-. -CH=CH-COO-. -OCO-CH-CH-, 
-C=C- or a single bond, and 

at least one of X', X". X«. X' and X= Is -B-Sp-(M'-Z")r(PI)ir 
(Z'-mVS. with k In at least one of those groups bdng 1 . 

Chiral photoisomerlzable compounds according to at least one 
of claims 1 and 2, wherein and are of formula II 

^A^ZWA'- II 

A'andA^ are Independently of each other selected from 

a] 1 .4-phenylene In whk4i. In addltton, one or 
more CH groups may be replaced by N. 

b) 1 ,4-cydohexylene In whtah. In addition, one or 
two non-adjacent CH2 groups may be replaced 
by O and/or S, 
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C) 1,3-dfOXOlanG-4,5-diyl, 1,4-cyclohexBnyleno, 
1/4-b^cyclo-(2,2,2^octytene. piper1dine-1 ,4-<Jiyt, 
naphthaIene-2,6-dlyl, decahydro-naphthalene- 
2.6-diyl. 1 .2.3,4-tetrahydronaphthalene-2,6-<liyl 
or in<lane-2,5-tliyl, 

It being possible far all these groups to be 
unsubstltuted or mono- or polysubstltuted with L, 

L is halogen. CN, SCN. NO,. SFs or an alkyl. alkoxy, 

allcylcarbonyl or alkoxycarbonyl group with 1 to 7 C 
atoms, wherein one or mors H atoms may be 
substituted with For CI. 

Z has in each case independently one of the 

meanings of formula I. and 

m Is 0.1, 2 or 3. 

Chlral photolsomerizable compounds accoiding to at least one 
of claims 1 to 3, wherein one to four of X* to X" denote H, 
cydohexyl, phenyl that is optkinally subsOtuted with 1 to 4 
groups L as defined in formula II, or -(COO^-S with o being 0 or 
1 and 8 being alkyl with 1 to 4 C atoms. 

Chlral photolsomerizable compounds according to at least one 
of daims 1 to 4. wherein PI Is of tbnnula III 

-C^-D'=D'-C*- III 

D' and D' are independently of each other CIH or N or a 

saturated C atom In a carbocycllc or hatarocydlc 5- 
or &-membered ring, and 
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to 40 C atoms that may also comprise fused rings, 
C' and D' or and may also together (brm a 
cyclic group, and may also denote a single bond. 



le compounds according to 



PI Is selected of the following formulae 
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wherein and have the meaning of fbnnula III, L has the 
meaning of formula II, and r is 0, 1 , 2. 3 or 4. 

Chlral photoisomerizable compounds according to at least one 
of daims 1lo 6, wherein at least one of R' and denotes P- 
Sp-, wherein 



P Is CH2=CW'-COO-. w'hc — CH- , w'-^<CHA-0-_ 
CH2=CW^-0-, CH3-CH=CH-0-. HO-CW^V*-, HS-CW^V*-. 
HW*N-. HO-CW*W'-NH-. CH2=CW^-CO-NH-, CHjsCH- 
(C00)ii,-Phe-{0)j2-, PhB-CH=CH-. HOOC-. OCN- and 
W^'WSi-, with W' being H, CI, CN, phenyl or alkyl with 1 
to 5 C-atoms. in particular H. CI or CH3, W' and W' being 
independently of each other H or alkyl with 1 to S C-atoms, 
in particular methyl, ethyl or n-propyl, W*. and W' being 
independently of each other Ci, oxaallcyl or oxacarbonylalkyi 
with 1 to 5 C-atoms, Phe being 1.4-phenylene and ki and 
being independently of each other 0 or 1, and 

Sp is straight chain or branched alkyiene having 1 to 20 C atoms. 
In particular 1 to 12 C atoms, In which, in addition, one or 
more non-adjacent CH3 groups may be replaced by -0-, -S-, - 
NR"-, -CO-, -0-C0-. -S-CO-, -0-CO0-. -CO-S-. -C0-0-, - 
CH(halogen)-. -CH(CNK -CH(OH)-. -(CFiV. <CD^. - 
CH=CH-, -CF=CF-, -CH=CF- or -C-C-, with x being an 
Integer from 1 to 12, and in which one or more H atoms may 
be replaced by halogen, CN or OH. 



O 




CWrai photolsomerizabie compounds according to at least one 
of claims 1 to 7, selected of the following fbimulae 



(116) 




X' and X* are independently of each other halogen, NOj. CN, 
SCN, SFj, straight chain or branched alky! with 1 to 
25 C atoms wherein one or more CHj groups can 
also be replaced by -0-, -S-. -CO-. -NR"-, -CH=CH- 
, -CbC- in such a manner that O and/or S atoms are 
not linked directly to one another, and wherein one 
or more H-atoms can also be replaced by F or Ci, 
or denote an optionally substituted cydoalkyi, 
phenyl, benzyl or fused cartwcycllc or heterocydk: 
aliphatic or aromaGc group with up to 25 C atoms 
that is optkjruily substituted with one or more 
groups R as defined In fomula 1, or P-{Sp)h, 

p IslneachcassindependentlyO, 1,2or3, and 
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is In each case independsnlly 0, 1 . 2, 3 or 4. 
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9. Ctilral photoisomerlzable compounds according to at least one 
of claims 1 to 7, selected of the following formulae 
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Z has one of the meanings of formula II, 

have one of Itie meanings of and given 

In fomiula ill, 

0' and have one of the meanings of fonmula II, 

X\ X' and X" have Independently of each other one of the 
meanings of famiula I, 



R'. R^, r'. R^ R' and R* have independently of each other one 

of the meanings of R given in claim 2, 

is straight chain or branched alkyi with 1 to 25 C atoms 
wffierein one or more CHj groups can also t>e replaced by -O- 
, -S-, -co-, -NR"; -CH=CH-, -OC- in such a manner that O 
and/or S atoms are not linked directly to one another, and 
wherein one or more H-atoms can also be replaced by F or 
CI, or denotes a cydoalkyl, phenyl, benzyl or fused 
carbocydic or heterocyclic aliphatic or aromatic group with up 
to 25 C atoms that is optionally substituted with one or more 
groups R or L as defined in formula I, or P-<SpX„ 

a Is 0,1. 2 or 3, 



p and r have one of the meanings given In daim 8, and 
s isO, 1,2,3,4orS, 
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1 1 . Ctiiral photoisomerizabte compounds aooording to dalin 1 0, 
selected of tlie fbriowing formutaB 

wherein R', R', Z, A\ A^ a and b have the meanings given in 
claim 9. 



13. Uquid crystalline mixture according to claim 12 comprising at 
least one polymerizable compound, which can lie a chirai 
compound of formula I or an additional polymerizable 
compound. 

14. Linear or crosslinkad anisotropic polymer obtainable by 
polymerizing a mixture according to claim 13. 

15. Use of chirai photoisomerizable compounds, mixtures and 
polymers according to claims 1 to 14 in optical and 
electrooptlcal devices (ike liquid crystal displays or projection 
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systems, optical elements like polarizers, retardation films, 
compensators, colour filters or holographic elements. In liquid 
crystal pigments and films or coloured coatings for decorative or 
security applications, cosmetic or phannaceutlcal compositions. 
In nonlinear optics and optical information storage. 



sum 14. 

17. Pdymar film obtainable by coaling a polymerlzable mixture 
according to claim 13 comprising a chiral photoisomerizabta 
compound of formula I onto a substrate, aligning the mixture 
Into planar orientation, and polymerizing the mixture, wtierein at 
least a part of the mixture before or during polymerization la 
exposed to actinic radiation of a wavelength where the chirai 
photolsomarizabie compound shows photoisonrarizatlon. 
thereby changing Its chlrality. 

1 8. Colour filter or broadband reflective polarizer comprising a 



25 



30 



35 



(123) 



JP 2004-523485 A 2004.8.5 





Figure 2 



(124) 



JP 2004-523485 A 2004.8.5 



INTERfMTIONAL SEARCH REPORT 


1 PCT/EP 01/10944 


tP?T^09K19y5f""09K»9/M C07C69/76 


I'pc'^'^CoSr'MTC " " 




CHEM ABS Data, EPO-Internal 


















. yOKOTA ET AL: "chlrallty Induction tn 
yelopolyni»r1zat1on XI. Bulk1n«$s effact 

3ls(4-y1nylbBnMate)»''wnh ttyrene" 
OLYNER JOURNAL, 

ol. 31, no. U-Z, 1999, pages 1037-lOM. 
POOl 053658 

cheim 1, compound 1« 

.H. KELLY ET AL: -Four-unit Unklno 
roups V. optically actlva dopants* 
lOUID CRYS1ALS, 

01. 11, n«. 5, 1992, pages 761-771, 

P002192J13 

tab1« 3 

-/- 


1-4.9,10 
1-4,9.10 














27/03/2002 




Puetz, C 



paga 1 of Z 



(125) 



JP 2004-523485 A 2004.8.5 



INTERNATIONAL SEARCH REPORT 1 »• 
1 PCT/EP 01/10944 












SB 2 328 207 A CNERCK PATENT GMBH) 
17 FeDruary 1999 (1999-02-17) 

WITTE VAN DE P £T AL~-N001 FICATION OF 
THE PITCH OF CHIRAL HEMATIC LIQUID 
CRYSTALS er MEANS OF PHOTOISOMERIZATtON OF 
CHIRAL DOPANTS- 

LIQUID CRYSTALS. TAYLOR AND FRANCIS LTD. 

vol. 24. no. «, 1 June 1998 (1998-«S-ai). 
pages 819-827, XP0a0773004 
ISSN: 0267-8292 

the"ho"e'SocSmit"*'°" 

DEUSSEN H-J £T AL: "NEW 
6,-6-OlSUBSTITUTED-BlNAPHTHOL DERIVATIVES 
AS CHIRAL DOPANTS: SYNTHESIS AND 
TEMPERATURE DEPENDENCE OF MOLECULAR 

LIQUID CRYSTALS. TAYLOR AND FRANCIS LTD, 
LOMDON. es. 
vol. 21, no. 3. 

1 September 1996 (1996-09-01). pages 

327-340, XP0OI)629493 

ISSN: 0267-8292 

ctted In the application 

the whole docunent 


1 



page 2 of 2 



(126) 




Continuation of Box 1.2 




(127) 



JP 2004-523485 A 2004.8. 



INTERNATIONAL SEARCH REPORT 



17-02-1999 DE 



(128) 



JP 2004-523485 A 2004.8.5 



(51) Int. CI.' 
GO 2 F 



1/13 
1/1335 



F I 



G 0 2 F 



1/13 
1/1335 



5 0 0 



^— (##) 



GO 2 F 



GO 2 F 



(8i)mSB 



AP (GH. GM, KE, LS, MW, M2, SD, SL, SZ, TZ, UG, ZW) , EA (AM, AZ, BY. KG, KZ. MD, RU, TJ, TO) , BP (AT. BE. 



CH, CY, DE. DK. ES. FI, FR, GB, GR, IE, IT, LU. MC. NL. PT, SE. TR) . OA(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML. MR. NE. SN, TD. 
TG) . AE, AG. AL. AM. AT. AU, AZ. BA. BB. BG, BR. BY. BZ. CA. CH. CN. CO. CR, CU. CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH. 
GM. HR. HU, ID, IL, IN, IS. JP. KE, KG, KP, KR, KZ, LC, LK, LR. LS. LT, LU. LV. MA, MD, MG, MK. MN. MW. MX. MZ. NO, NZ, PL, PT, RO, R 
U, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT. TZ, UA. UG, US. UZ, VN, YU, ZA, ZW 

. T'^-r— -^rn^r 5 1 
(72)fg|g# y^^, ^y^h:7T- 

■<^])^m ^^l^^'y^— :x.7.^^^0 7 v'ai-f !7-r, ^— ;^ b 7 3iT :^—^^:x.— 

=7l^Y ^o— ;^ 4 



K 8 

(72)5Sig# ^-r, ryyi^ 

^^Kyrv ^7 31^ 1 0 
(72)fgB^# :/y— i^7^'-/wK, -tJ--r^> 

'<^]}:^m h'—±^yY- 1 \=jL:^rp^^ ^^y, 

19 2 

F^ — A(##) 2H049 BA02 BA06 BA17 BA42 BC22 




2H091 FA08 FAll FB02 LA12 



4H006 AAOl AB64 



4H027 BAll BD14 



